SPECIFY THE AMERCOAT 
Designed Give You PLUS 


than franchised distributor warehouses throughout the 
United 


Ordinary methods for controlling corrosion usually pro- 
duce the ordinary results—rapid paint failure, costly replace- 
ments, product contamination, excess down-time, and ham- 
pered production. Halfway measures and the use one 
two general purpose coatings simply cannot provide adequate 
protection against ceaseless attack. 


Amercoat gives you proven method corrosion control, 
assuring you proper protection through these PLUS features: 


Careful analysis trained engineer all the con- 
ditions present each corrosion problem. 


The ONE best recommendation for the particular 
problem. AMERCOAT complete line coatings, each 
formulated solve control corrosion problems. 


On-the-job assistance your applicators and super- 
visors trained engineer. The AMERCOAT method en- 
sures proper attention surface preparation and applica- 
tion techniques for maximum protection. 


Complete stocks fresh materials always near you 
one five regional warehouses more 


METHOD— 
PROTECT 


Service based experience. The 


method corrosion control the result nearly 
experience solving controlling corrosion problems 
every major industry throughout the United States. 


Write today for the name and address the AMERCOAT 
representative your area. obligation, will 
help you analyze your corrosion problems and evaluate 
present control measures. determined that you 


problem within our scope experience, will 


your plant equipment. 
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CHEMICALS CAN CORRODE METALS MONTHS LESS. 


the 


ume Ducts, Tank Liners, Similar 
Applications Unplasticized 
made from Exon 402-A 
ideal for fume ducts and tank 
liners, Itis highly resistant mois- 
oxygen, sunlight, aging 

and other corrosive elements. 


Implements—Pitchers, scoops, 
stirrers fabricated from Unplasti- 
cized P.V.C. made from 
402-A are invaluable handling 
corrosive materials. They are ex- 
tremely light...easy handle... 
practically eliminate replacement. 


HOW MUCH WILL 


YOU THIS YEAR? 


UNPLASTICIZED P.V.C. MADE FROM FIRESTONE EXON 


Versatility Unplasticized P.V.C. 
made from Exon 402-A can 
welded, sawed, sheared, stamped, 
milled, planed, drilled, embossed, 
rolled, cemented. easily 
worked conventional metal 
and wood working equipment. 


UNPLASTICIZED P.V.C. JUST DOESN’T 


Unplasticized P.V.C. new material construction that highly resistant 

most corrosive elements. many industrial applications, has proven 
superior—less expensive—than customary metals. Check carefully the advantages 
Unplasticized P.V.C. Then, for detailed information how this new material 
construction can help you your business, consult Firestone Chemical Sales Division. 


How does this new material 
construction fit into your picture? 

Have your engineers consult 
the Firestone Chemical Sales 
Division proper applications 
Unplasticized P.V.C. made 
from Exon 402-A...or 


Chemical Sales Division 


FIRESTONE PLASTICS COMPANY, DEPT. 
POTTSTOWN, PENNSYLVANIA 
Division Firestone Tire Rubber Co. 


IMPORTANT: Firestone supplies Exon 402-A only. This resin used many America’s leading fabricators Unplasticized end-products 


eptember, 1953 


MAGNESIUM ANODES FOR EVERY 
PURPOSE OFFERED DOW 


large variety shapes and sizes are available 


meet your specific corrosion requirements 


Whether the installations you want protect are 
underground underwater, Dow can provide magne- 
sium ranging from Galvo-Line® 
anodes, meet cathodic protection requirements. 

Dow has established cast magnesium anode system 
based uniform “D” cross-section anodes. This pro- 
vides standardized shapes and sizes for your ease 


ordering, installation, and inventory economy. 


addition standard anodes with the new perforated 


core for underground use, cast anodes three different 
cross sections and lengths from inches with 


either longitudinal cross-pipe cores are available. 


Dow’s extensive cathodic experience the marine, 
hot water tank, pipeline, lead cable process equipment, 
and other fields can great value you. 
nearest Dow sales office Dow magnesium 
distributor will glad provide all the details. 
DOW CHEMICAL COMPANY, Midland, Michigan. 
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steel copper-clad steel can laid 


directly over flexible inner cores brass, 
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Directory NACE Regional and Sectional Officers 


NORTH EAST REGION 


DONOVAN, Director 
Consolidated Edison Co. 
of New York, Inc. 

4 Irving Place 
New York City. 


GEORGE BEST, Chairman 
Mutual Chem. Co, of America 
1348 Block St. 

Baltimore 31, Md. 


KEMPTON ROLL, Vice-Chair. 
Lead Industries Assoc, 
420 Lexington Ave. 
New York 17, N. Y. 


BRIGGS, Sec.-Treas. 
W. A. Briggs Bitumen Co. 
3303 Richmond St. 
34, Pa. 


Baltimore Section 


VON LOSSBERG, Chairman 
Sheppard T. Powell Consulting 
Chemical Engineers 
330 North Charles Street 
Baltimore, Maryland 


ALLEN ALEXANDER, Vice-Chair. 


1710 Oakcrest Drive 
Alexandria, Virginia 


RISQUE BENEDICT, Sec.-Treas. 
Naval Research Laboratory 
Washington 25, D. C. 


Greater Boston Section 


JOHN SWIFT, Chairman 
A. D. Little, Inc., 
Memorial Drive 
Cambridge, Mass. 


ORMAN FISHER, Vice-Chair. 
Monsanto Chemical Co. 
Everett Station 
Boston, 


J. DWIGHT BIRD, Sec.-Treas. 
The Dampney Co. 
1243 River, Hyde Park 
Boston, Mass. 


Kanawha Valley Section 


HAMSTEAD, Chairman 


Carbide and Carbon Chemical Co. 


South Charleston, W. Va. 


R. 1. ZIMMERER, Vice-Chair. 
Westvaco Chemical Div., 


Food Machinery & Chemical Corp. 


Drawer 8127, South Charleston, 
W. Va. 


CONRAD WIEGERS, Secretary 
Allied Services inc. 
Spring & Bullitt Sts. 
Station A, Charleston, W. Va. 


W. R. CURLEY, Treasurer 
Hope Natural Gas Co., Box 1951 
Clarksburg, W. Va. 


Metropolitan New 
York Section 


GEORGE HULL, JR., Chair. 
Anglo-American Varnish Co. 
55 Johnson St. 

Newark 5, N. J. 


MORTON BERMANN, Vice-Chair. 
Brooklyn Union Gas Co. 
197 St. James Place 
Brooklyn, New York 


F. J. LeFEBVRE, Sec.-Treas. 
Electro Rust-Proofing Corp. 
Box 178 
Newark 1, N. J. 


Philadelphia Section 


E. G. BRINK, Chairman 
American Viscose Corp. 
Marcus Hook, Pa. 


BENNETT, Vice-Chair. 
Socony-Vacuum Oil Co., Inc. 
Paulsboro, 


J. PETTIBONE, Sec.-Treas, 
Am. Soc. Testing Mat. 
1916 Race St. 
Philadelphia Pa. 


Pittsburgh Section 


FRANK COSTANZO, Chairman 
The Manufacturers Light & 
Heat Co. 

2202 Vodeli Street 
Pittsburgh 16, Pa. 


WAYNE BINGER, Vice-Chair. 
Aluminum Company of America 
Box 772 
New Kensington, Pa. 


THOMAS T. ROYSTON, Secretary 
Royston Laboratories, Inc. 
128 First Street 
Blawnox, Pa. 


WILLIAM RENSHAW, Treas. 
Allegheny Ludium Steel Corp. 
Brackenridge, Pa. 


Southern New England 
Section 


MEYER, Chairman 
Sou, New England Tel. Co. 
New Haven, Conn. 


A. W. TRACY, Vice-Chair. 
American Brass Company 
Waterbury, Conn. 


GERALD R. BROPHY, Sec.-Treas. 
International Nickel Co., Inc. 
75 Pearl St 
Hartford, Conn. 


Western New York 
Section 


JAMES E. SHIELDS, Chairman 
820 College Ave. 
Niagara Falls, 


THORNBERG, Vice-Chairman 
Hooker Electrochemical Co. 
Box 344 
Niagara Falls, 


WILLIAM R, WARDROP, Sec.-Treas. 


Metal-Cladding, Inc. 
128 Lakeview Ave. 
Buffalo, 


NORTH CENTRAL REGION 


WALTER CAVANAGH, Director 
Parker Rust Proof Company 
2177 Milwaukee St. 

Detroit, Michigan 


JACK LoPRETE, Chair. 
Spray-Coat Engineers 
775 S. Bayside St, 
Detroit 25, Mich. 


NORMAN KERSTEIN, Vice-Chair. 


16817 Robson 
Detroit, Michigan 


JAMES HIRSHFELD, Sec.-Treas. 
Hinchman Corp. 
1208 Francis Bidg. 
Detroit 1, Mich. 


Chicago Section 


L. W. EWING, Chairman 
Standard Oil Co. of Indiana 
910 S. Michigan Ave, 
Chicago, 


LINDBERG, Vice-Chair. 
Sinclair Research Laboratories, 


Inc, 
400 E. Sibley Bivd. 
Harvey, Illinois 


L. W. PETERSEN, Secretary 
Swift & Company 
U. S. Yards 
Chicago, 


FLOURNOY, Treasurer 
Corn Products Refining Co. 
Chemical Division 
3216 Prairie Ave. 
Brookfield, IIlinois 


Cleveland Section 


DETRICK, Chairman 
Allis-Chalmers Company 
NBC Building 
Cleveland, Chio 


BAKER, Vice-Chair. 
Standard Oil Co, Ohio 
606 Standard Bidg. 
Cleveland 13, Ohio 


HOSFORD, JR., Sec.-Treas, 
Harco Corp. 
Box 7026 
Cleveland 28, Ohio 


Detroit Section 


JAMES HIRSHFELD, Chairman 
The Hinchman Corporation 
1208 Francis Falms Bidg. 
Detroit 1, Michigan 


EUGENE IVANSO, Vice-Chair, 
Detroit Testing Labs. 
1044 Eastlawn Ave. 

Detroit, Michigan 


DAVID HILL, Secretary 
Timken Detroit Axle Co. 
100-400 Clark Ave. 
Detroit, Michigan 


PROCTOR COATES, Treasurer 
Michigan Bell Telephone Co, 
312 Potawatomi Bivd. 

Royal Oak, Michigan 
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> & 


Eastern Wisconsin 
Section 


ROBERT WICEN, Chair. 
Chain Belt Co, Milwaukee 
1600 West Bruce 
Milwaukee 4, Wis. 


ROBERT A. HUSEBY, Vice-Chair. 
Smith Corp. 
3533 North 27th St. 
Milwaukee, Wis. 


HAROLD HAASE, 
2917 West Juneau Ave. 
Milwaukee Wis. 


Greater St. Louis Section 


CAMDEN COBERLY, Chairman 
316 Oak Manor Lane 
Webster Groves 19, Mo. 


WILLIAM RIES, Vice-Chair. 
Tretolite Company 
St. Louis 19, Mo. 


ROBERT SANFORD, Secretary 
Nooter Corporation 
1400 South Second St. 
St. Louis Mo. 


DONALD BECKER, Treasurer 
Reilly Tar & Chemical Corp. 
P. O. Box 370 
Granite City, Illinois 


Kansas City Section 


HEVERLY, Chairman 
Great Lakes Pipeline Co. 
5425 Chadwick Rd. 
Kansas City, Mo. 


KELLEY, Vice-Chairman 
4224 West 73rd Terrace 
Prairie Village, Kans. 


BERRINGER, Sec.-Treas. 
Panhandle Eastern Pipe Line Co. 
1221 Baltimore Ave. 

Kansas City, Mo. 
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Southwestern Ohio 
Section 


ARTHUR CASTER, Chairman 
38 Arcadia Place 
Cincinnati, Ohio 


The Duriron Co., Inc, 
Box 1019 
Dayton, Oho 


LEWIS LEDERER, Sec. 
Inner-Tank Lining Corp. 
1097 St. 

Cincinnati, Ohio 


L, WOOD, Treasurer 
323 Plum St. 
Cincinnat:, Ohio 


SOUTH EAST REGION 


£. D. McCAULEY. Director 
American Cast Iron Pipe Co. 
Box 2603 
Birmingham, Alabama 


JOHN B. WEST, Chairman 
Aluminum Co. of America 
1800 
Atlanta, Go. 


VAN NOUHUYS, Vice-Chair. 
— in Pipe Line Co. 
Box 173 
Atlanta, "Ge orgia 


DAVID CHADWICK, Sec.-Treas. 
Res. Dept, Phosphate Div. 
Monsanto Chemical Co. 

Anniston, Ala. 


Atlanta Section 


J, FLYNN JOHNSTON, Chair. 
American Tel. Tel. Co. 
1139 Hurt 

Atlanta, Ga. 


RAYMOND TRAPP, Vice-Chair. 
3431 Sherman Road 
Hapeville, Ga, 

ALEX ERGANIAN, Sec.-Treas. 
Pipe Line Service Corp. 
1734 Candler Bidg. 
Atlanta, Ga. 


Jacksonville (Fla.) 
Section 


HENRY T. RUDOLF, Chairman 
Atlantic Coatings Co., Inc. 
Box 2976 
Jacksonville 3, Fla. 


ALEXANDER, Sec.-Treas. 
Dozier Gay Paint Co. 
Box 3176, Station 
Jacksonville, Fla. 


SOUTH CENTRAL REGION 


DERK HOLSTEYN, Director 
Shell Oil [Company 
Box 252 
Texas 


WALDRIP, Chairman 
Gulf Oil Corp. 
5311 Kirby Drive 
Houston, Texas 


BILHARTZ, Vice-Chairman 


Atlantic Refi 
efining Company 


Dallas, Texas 


CLIFFORD L. BARR, Sec.-T 
Shell Company, 
Richards Building 
New Orleans, La. 


JOHN E. LOEFFLER, 


Thornhill Craver Co. 
Box 118 


Texas 
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Central Section 


DAN CARPENTER, Chairman 
Sohio Petroleum Co. 
1300 Skirvin Tower 
City, Okla. 


MARTIN L, STEFFENS, Vice-Chair. 
Okiahoma Natural Gas Co. 
Box 1620 
Oklahoma City, Okla. 


BRUCE OWEN, Sec.-Treas. 
Southwestern Bell Tel. Co. 
405 N. Broadway 
Oklahoma City, Okla, 


Corpus Christi Section 


WARD, Chairman 
Magnolia Petroleum Co. 
Refining Dept. 

Box 1179 
Corpus Christi, Tex. 


JOHN WESTERVELT, Vice-Chair. 
Pontiac Pipe Line Export Co. 
Box 1581 
Corpus Christi, Tex. 


RAYMOND H. PFREHM, Sec.-Treas. 
Humble Pipe Line Co 
Box 1051 
Corpus Christi, Tex. 


Houston Section 


G. SHARPE, Chairman 
Humble Pipe Line Co. 
P. O, Drawer 2220 
Houston 1, Texas 


J, A. CALDWELL, Vice-Chair. 
Humble Oil and Ref. Co. 
Box 2180 
Houston, Texas 


BOOTH, 
5719 South Seas 
Houston, Texas 


New Orleans-Baton 
Rouge Section 


JACK T. MARTIN, Chairman 
The Texas Company 
Production Dept. 

Box 252 
New Orleans, La. 


FRANK BIRD, Vice-Chair, 
The California Co. 
800 The California Co, Bidg. 
1111 Tulane Ave. 
New Orleans, La. 


RUSSELL W. SCHUTT, Sec.-Treas. 
Shell Oil Company 
P. O. Box 193 
New Orleans, La. 


North Texas Section 


SPALDING, JR., Chair. 
Sun Oil Company 
Box 2880 
Dallas, Texas 


MORRIS BOCK, Vice-Chair. 
Sun Oil Company 
1405 North Zangs Bivd. 
Dallas, Texas 


MARYANN DUGGAN, Sec.-Treas. 
Magnolia Petroleum Co. 
Box 900 
Dallas, Texas 


Permian Basin Section 


THOMAS M. NEWELL, Chairman 
Cardinal Chemical, Inc. 
Box 2049 
Odessa, Texas 


KEMPER, Ist Vice-Chair. 
Permian Enterprises, Inc, 
1010 N. Washington 
Odessa, Texas 


WILLIAM HOPWOOD, 
2nd 
Tnemec Co., Inc. 

2703 S. Colonial Drive 
Odessa, Texas 


JOHN KNOX, 
The Western Co. 
Box 310 
Midland, Texas 
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Sabine-Neches Section 


CHARLES RIDENOUR, Chairman 
Magnolia Petroleum Co. 
Box 3311 
Beaumont, Texas 


CRAWFORD CHAISSON, 
Vice-Chair. 
Cities Service Refining Corp. 
Rt. 1, Box 323 D 
West’ Lake, 


CHARLES HUDDLESTON, JR., 
Socony Paint Products Co. 
Box 284 
Beaumont, Texas 


Shreveport Section 


M, J. OLIVE, Chairman 
Arkansas Natural Gas Corp. 
Shreveport 4, La, 


W. F. LEVERT, Vice-Chairman 
United Gas Pipe Line Co. 
Box 1407 
Shreveport, La. 


R, C. JORDAN, Secretary 
United Gas Pipe Line Co. 
Box 1407 
Shreveport, La. 


GRIFFIN, Treasurer 
Texas Eastern Gas Trans. Corp. 
Texas Eastern 
Shreveport, La. 


Teche Section 


GEORGE HARPER, Chairman 
Union Oil Co. California 
Box 42 
Abbeville, Louisiana 


GUS VOGLER, Vice-Chair. 
Allen Cathodic Protection 
P. O. Boy 264 
Lafayette, La, 


JAMES BOOKSH, JR., Sec.-Treas. 
United Gas Corp. 
Box 435 
New Iberia, La, 


Tulsa Section 


JACK P. BARRETT, Chairman 
Stanolind Oil & Gas Co. 
P. O. Box 591 
Tulsa, Oklahoma 


L. B. NELSON, Vice-Chair. 
Shell Pipe Line Corp. 
Box 831 
Cushing, Okla, 


HUGH A. BRADY, Secretary 
Pipe Line Anode Corp. 
P. O. Box 996 
Tulsa, Okiahoma 


EDWARD A. BARTOLINA, Treasurer 
Moorlane Company 
P. O. Box 1679 
Tulsa, Oklahoma 


WESTERN REGION 


WHITENECK, Director 
Long Beach Harbor Dept. 
1333 El Embarcadero 
Long Beach 2, Calif. 


GRIZZARD, Chairman 
Signal Oil & Gas Co. 
811 West 7th St. 
Los Angeles, Cal. 


AUSTIN S. JOY, Vice-Chairman 
Bechtel Corp., Somastic Div. 
Box 457 
Wilmington, Cal. 


ROBERT KERR, Sec.-Treas. 
Southern California Gas Co. 
Box 3249 Terminal Annex 
Los Angeles, Cal. 


Los Angeles Section 


ARTESE, Chairman 
Shell Oil Co., Inc. 
Box 728 
Wilmington, California 


S. K. GALLY, Vice-Chairman 
1061 Mar Vista Ave. 
Pasadena, California 


E. H. TANDY, Sec.-Treas. 
Standard Oil Co. of Calif. 
Box 97 
Segundo, California 


Salt Lake Section 


HARRY R. BROUGH, Chairman 
Mountain Fuel Supply Co. 
36 South State St. 
Salt Lake City, Utah 


GEORGE HILL, Vice-Chair. 
Fuel Technology Dept. 
University of Utah 
Salt City, Utah 


JOHN W. COX, Sec.-Treas. 
Utah Oil Refining Co. 
P. O. Box 898 
Salt Lake City 10, Utah 


San Diego Section 


L. E. MAGOFFIN, Chairman 
California Water & Telephone Co. 
West 9th St. 

National City, Calif. 


ARMBRUSTER, Vice-Chairman 
San Diego Gas Electric Co. 
4206 Overlook Drive 
San Diego, Calif. 


DALLAS G, RAASCH, Sec-Treas. 
La Mesa, Lemon Grove, 
Spring Valley Irrigation District, 
Box 518, La Mesa, Calif. 


San Francisco Bay Area 
Section 


WORKS, JR., Chairman 
Union Oil Co. of Cal. 
Oleum, Cal. 


D. R. LOPER, Vice-Chair. 
Standard Oil Co, of Cal. 
225 Bush St 
San Francisco, Cal. 


T. J, SMITH, Sec.-Treas. 
Electric Steel Foundry Co. 
249 First St. 

San Francisco 5, Cal. 


CANADIAN REGION 


R. J. LAW, Director 
The International Nickel Co, 
Canada, Limited 
King St. 
Toronto, Ontario 


G. |. RUSSELL, Chairman 
Trans Mountain Pipeline Co. 
1070 Hornby St. 

Vancouver, B. C. 


L. W. SHEMILT, Vice-Chair. 
University of British Columbia 
Vancouver, B. C. 


Sec.-Treas. 
Imperial Oil Ltd. 
300 Ninth Ave. W. 
Calgary, Alta, 


British Columbia Section 


F. FORWARD, Chairman 
Dept. Mining & Metallurgy 
U. of British Columbia 
Vancouver, B. C 


CAZALET, Vice-Chair. 


British Columbia Electric Railway 
Vancouver, B. C 


(Continued on Page vi) 
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British Columbia Section 


LEVELTON, Sec, 
British Columbia Research 
Council 
University of British Columbia 
Vancouver, B. C. 


W. A. CRAIGHEAD, Treas. 
Industrial Coatings, Ltd. 
1930 Main St. 
Vancouver, 


Hamilton-Niagara Section 


MAKEPEACE, 
Page Hersey Tubes Ltd. 
Welland Ontario, Canada 


HYSLOP, Vice-Chairman 
United Gas Fuel Co. 
Hamilton, Ltd. 

82 King St. E. 
Hamilton, Ontario, Canada 


BERKOL, 
Atlas Steels, Ltd. 
Welland, Ontario, Canada 


Toronto Section 


Corrosion Service, Ltd. 
King St. 
Toronto, Ontario, 


COLIN PRESCOTT, Vice-Chair. 
Hydro-Electric Power Commission 
of Ontario 
620 University Ave. 
Toronto, Ontario, Canada 


LAW, Secretary 
The International 


HUT down costly... while providing the tight leak- Toronto, Ontario, Canada 
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Paint oil-tank roof “STILL LIKE NEW” 


The entire floating roof this oil tank 


with coating based 
Brand Resins. 

Service conditions are rough. Direct 
rays the sun beat down. Water accu- 
mulates low spots. Yet, the coater 
reports that, today, 

“the deck the first tank which 

now over three years old looks just 

good the day they [our men] 

walked away from it.” 


Compare this performance. The small 


photo shows tank side finished the 
same time with ordinary paint. Direct 
sun isn’t great factor. Yet, paint 
failure and rust stains are very evident. 
However, note the top rim, fiinished 
with coating based VINYLITE 
Resins, excellent condition. 

Hundreds case histories show that 
coatings based Resins doa 
better, longer-lasting job rough serv- 
ice. This true whether applied 
metal, masonry, other materials. It’s 
specially true where there exposure 
rough treatment, chemicals, salt 
water, weather extremes, industrial gas- 
es. Properly applied, these coatings 
crack, chip, peel fade. They 
protect for years, require mainten- 
ance, and save many dollars your 
operating costs. 

For list suppliers and copy 
our free booklets, “BAKELITE and 
Resins for the Petroleum In- 
dustry,” and and VINYLITE 
Resins for the Chemical Industry,” 
write Dept. RX-69. 


Photos courtesy Plastic Coating Corporation, 
Houston, Texas. 


BAKELITE 


TRADE-MARK 


RESINS 


MARK 


BAKELITE COMPANY 
Division 
Union Carbide and Carbon Corporation 


East 42nd Street, New York 17, 


| 


TP-1A 


TP-1B 


TP-1G 


TP-1H 


TP-2 


TP-2A 


TP-3 


TP-4 


CORROSION AND GAS WELL 
EQUIPMENT (Formerly Condensate 
Well Corrosion) 


BUCHAN, Chairman 
Humble Oil Co. 
Box 2180 
Houston, Texas 


GRECO, Vice-Chairman 
United Gas Corp. 
Box 1407 
Shreveport, La. 


Pacific Coast. Frank Davie, chairman, Shell 
Oil Co., Los Angeles 14, Calif. P. W. Hill, 
vice-chairman, General Petroleum Corp., Los 
Angeles 54, Calif. 


Condensate Well Corrosion. R. C. Buchan, 
chairman. Humble Oil Refining Co., Hous- 
ton, Texas. 


Sweet Oil Well Corrosion. H. L. Bilhartz, 
chairman; H. E. Greenwell, vice-chairman, 
both Atlantic Refining Co., Box 
2819, Dallas. 


Sour Oil Well Corrosion. J. A. Caldwell, co- 
chairman, Humble Oil & Ref. Co., Box 2180, 
Houston, Texas, and R. L. Elkins, co-chair- 
man, Shell Oil Corp., Box 1509, Midland, 
Texas. 


Metallurgy—O:1 and Gas Well Equipment. 
F. A. Prange, chairman; Phillips Petroleum 
Co, Bartlesville, Okla. 


Stress Corrosion. Treseder, chair- 
man; Shell Development Co., Emeryville, Cal. 


Corrosion of Oil String Casing. Jack L. Battle, 
chairman; Humble Oil & Ref, Co., Box 2180, 
Houston, Texas. 


Oil Field Structural Plastics. W. M. Thornton, 
co-chairman; Atlantic Refining Co., P. O. Box 
2819, Dallas, Texas; B, W. Bradley, co-chair- 
man, Shell Oil Company, Tulsa, Okla. 


Evaluation of Inhibitors for Use in Oil & Gas 
Wells. J. C. Spalding, Jr., co-chairman, Sun 
Oil Co , Dallas, Texas. E. C. Greco, co-chair- 
man, United Gas Corp., Shreveport, La. 


GALVANIC ANODES FOR CATHODIC 
PROTECTION 


ROBINSON, Chairman 
The Dow Chemical Co. 
616 East Grove St. 
Midland, Mich. 


WAHLQUIST, Vice-Chairman 
Ebasco Services 
Rector St. 
New York, 


Correlation of Data From Operating Installa- 
tions, L. R. Sheppard, chairman, Shell Pipe 
Line Corp., Houston, Texas. 


ANODES FOR USE WITH IMPRESSED 
CURRENTS 


PEABODY, Vice-Chairman 
Ebasco Services 
Rector St. 
New York, 


MINIMUM CURRENT REQUIREMENTS 
FOR CATHODIC PROTECTION 


SUDRABIN, Chairman 
Electro Rust-Proofing 
No. Main St., 

Belleville, 


SCHMIDT, Chairman 
Dow Chemical Company 
Midland, Michigan 


EX-OFFICIO MEMBERS 


WALTER ROGERS 
AARON WACHTER 
CAMPBELL 


(Chairmen all numbered committees 
listed below are members of the full com- 
mittee) 


TP-5 


TP-5A 


TP-5C 


TP-5D 


TP-5G 


TP-6 


TP-6A 


TP-6B 


TP-6C 


TP-6E 


TP-6H 


TP-6K 


TP-6L 


CORROSION PROBLEMS INVOLVED 

PROCESSING AND HANDLING 

CHEMICALS 

PAUL GEGNER, Chairman 
Columbia-Southern Chemical Corp. 
Barberton, Ohio 


Corrsoion by Sulfuric Acid. C. L. Bulow, chair- 
man; Bridgeport Brass Co., 30 Grand St., 
Bridgeport, Conn. Luce, vice-chairman; 
The Duriron Co., Box 1019, Dayton, Ohio. 


Sub-Surface Corrosion Alkaline Solutions 
(Caustic Embrittlement). C. F. Pogacar, chair- 
man: Atlantic Refining Co., 260 South Broad 
St., Philade'phia, Pa. 


Corrosion by Acetic Acid. H. O Teeple. 
chairman, International Nickel Co., Inc., 67 
Wall St., New York City. 


Corrosion by Chlorine. R. 1. Zimmerer, chair- 
man; Westvaco Chemical Division, Food Ma- 
ch'nery & Chemical Corp., Drawer 8127, 
Charleston 3, West Virginia. 


Corrosion by Nitric Acid. J. L. English, chair- 
man; Oak Ridge National Laboratory, P. O. 
Box P, Oak Ridge, Tenn. 


PROTECTIVE COATINGS 

LIEBMAN, Chairman 
Dravo Corp. 

Neville Island 
Pittsburgh, Pa. 

KENNETH TATOR, Co-Chairman 
Kenneth Tator Associates 
Montour St. R.D. 
Coraopolis, Pa. 

PACIFIC (West Coast Div.) 

Whiteneck, Chairman 
Long Beach Harbor Dept. 

Long Beach 


Organic Coatings and Linings for Resistance 
to Chemical Corrosion. R. McFarland, Jr., 
chairman; Hills-McCanna Co., 3025 N.W. 
Ave, Chicago 18, Ill; C. G. Munger, co- 
chairman, Amercoat Corp., 4809 Firestone 
Bivd., South Gate, Calif. 


Protective Coatings for Resistance to Atmos- 
pheric Corrosion, L. L. Sline, chairman; Sline 
Industrial Painters, 2612 Terminal Drive, 
Houston, and Howard C. Dick, vice-chairman, 
Products Research Service, Inc., Box 6116, 
New Orleans, La. 


Protective Coatings for Resistance to Marine 
Corrosion, Raymond P. Devoluy, chairman. 

. A, Woolsey Paint & Color Co., 229 E. 
42nd St., New York 17, 


Protective Coatings in Petroleum Production. 
Jack P. Barrett, chairman; Stanolind Oil and 
Gas Company, Tulsa, Okla, 


Surface Preparation for Organic Coatings. 
L. R, Whiting, chairman, Bakelite Corp., 30 
East 42nd St., New York 17, N. Y. S. C. 
Frye, vice-chairman, Research Dept., Beth- 
lehem Steel Co., Bethlehem, Pa. 


Glass Linings and Vitreous Enamel. G. H. 
chairman. Corp., 
Harvard 56th St., Cleveland Ohio. 


Corrosion Resistant Construction with Masonry 
and Allied Materials. Robert R. Pierce, chair- 
man. Salt Manufacturing Co., 
1000 Widener Philadelphia, Pa. 


Asphalt Type Underground Protective Coat- 


ings. Schmidt, chairman; California Re- 
search Corp., 200 Bush St., San Francisco, Cal. 


TP-7 


TP-8 


TP-8A 


TP-9 


PRODUCTS 
IMHOFF, Chairman 


TP-12 


TP-13 ANNUAL LOSSES DUE 


TP-14 


MATERIALS FOR USE HIGH 
PERATURES 


SCHEIL, Chairman 
Director Metallurgical Research 
Smith Corporation 
Milwaukee, Wisconsin 


CORROSION WATERS 


KENDALL, Chairman 
National Tube Division 
United States Steel Corp. 
Frick Bldg., 

Pittsburgh 30, Pa. 


Corrosion Gulf Coast Cooling 
Charles Dillon, chairman, Carbide 
Carbon Chemicals Co., City, 
W. B. Brooks, vice-chairman, Dow Chemica! 
Company, Freeport, Texas. 


CORROSION INHIBITORS 


ROBERT WISE, 
National Aluminate Corp. 
6216 West 66th Place 
Chicago, 


WASCO, Vice-Chairman 
The Dow Chemical Co. 
Midland, Mich. 


IDENTIFICATION CORROSION 


Research Supervisor, Chemical 
Allis-Chalmers Co. 
Milwaukee Wis. 


EFFECT ELECTRICAL GROUNDING 
CORROSION 


GLEN APPLEMAN, Chairman 
Pennsylvania Power Light 
Ninth Hamilton St. 
Allentown, Pa. 


ALQUIST, Chairman 
The Dow Chemical Co. 
Midland, Michigan 


INSTRUMENTS FOR CORROSION 
MEASUREMENTS 


HAYWARD, Chairman 
Engineering Experiment Station 
University 


Urbana, 
TP-14A Electrical Holiday Inspection 
Lyle R. Sheppard, chairman, Shell Pipe Lm 
Corp., Houston, Texas. 
TP-15 CORROSION CONTROL 


TP-15A Corrosion Control Railroad Tank 


TP-15B Railroad Corrosion Resist 


TRANSPORTATION INDUSTRIES 


KESSLER, Chairman 
Baltimore Ohio Railroad 
Baltimore 23, Maryland 


MAGEE, Vice-Chairman 
Assoc. Amer. Railroads 
Technology Center 
Chicago 16, 


J. R. Spraul, chairman, Gen. Amer. Trott 

po:tation Co., E, Chicago, Indiana, ; 
way Equinment Co., 4527 
Hammond, Ind. 


S. K Colburn, chairman, Assn. of Amer. il 
roads, Technology 


Mlinois. 
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@ 4 Irving Place Practices for Surface Preparation of 
meTP-16E Corrosion and Protection of Pipe-Typ2 9 Steel. (Pub. 50-5) Per copy, $.50. 

Cables. Frank Kahn, chairman, Philadelphia New York TP-6G Second Interim Report Surface 
4 q Electric Co., 2301 Market St., Philadelphia Preparation of Steels for Organic 
Pa. HART, Vice-Chairman and Other Coatings. Per 
TP. lonmetallic Sheath Coatings. Geo. H. Hunt, i TP-1 eport on Electrical Grounding Prac- 
@ chairman, Simplex Wire & Cable Co., 79 208 West Washington St. tices, Per copy $.50. 

Sidney St., Cambridge 39, Mass. Chicago Ill. 


diameters 3-inch through 48-inch. 


Being cast iron, ACIPCO pipe enjoys enviable reputation. Cast iron pipe has 
over 300 years service abroad and more than 100 years service the United 
ACIPCO pipe produced under close control meet nationally recognized 

specifications. can supplied with variety joints for conveying 
themicals, salt brine, gasoline, gas, sewage, oil, water and other 


American Double-X, Flanged, Screw-Gland, Molox Ball 
Roll-On and Bell and Spigot. 

For many years our Company has pioneered research, main- 
experienced staff chemists, metallurgists, engineers, 
fully equipped modern laboratories. Refer your next piping 

ACIPCO and utilize our extensive manufacturing 


Write for free literature, stating the kind joint which you 


DIRECTORY TECHNICAL PRACTICES COMMITTEES 


ELECTROLYSIS AND CORROSION STANDARDIZATION PROCEDURES 


CABLE SHEATHS FOR MEASURING PIPE COATING TECHNICAL REPORTS 
IRWIN DIETZE, Chairman CONDUCTANCE Available from 
Dept of Water & Power WwW. E. HUDDLESTON, Chairman NATIONAL ASSOCIATION 
Los Angeles, Cal Huddleston Engineering Co. 
ity 
Bartlesville, CORROSION ENGINEERS 
Fletcher, chairman, Bell Telephone TP-1 Report Field Testing Al- 
: Svetlik, co-chairman, Northern Indiana ondensate Wells (Pub. 50- 
hubiie Service Co., 5265 Hohman Ave, TION OF PETROLEUM members, $8; Non-members, $10 per 
ond, Ind, copy. 
node Tests. (Pub. 50-2) 
and Other Metallic Humble Pipe Line Co. members, $3; Non-members, per 
Tel. Co., Sixth Ave., New York 13, TP-3 First Interim Report Ground 
Howell, co-chairman, Public Serv- Anode (Pub. 50-1) NACE 
ice Electric & Gas Co., 200 Boyden Ave., TP-18A Internal Sour Crude Corrosion of P'pe Lines members, $3; Non-members, $5 per 
Maplewood, N. J. and Tanks. R, L, Bullock, chairman; Inter- copy. 
state Oil Pipe Line Co., Box 1107, Shreve- TP-1D Sour Oil Well Corrosion. Corrosion 
Pipe Line Co., Box Tulsa, $.50; Non-members per copy. 
TP-1G_ Field Experience With Cracking of 
1538 Commerce Cleveland Internal Corrosion Products Pipe Lines. High Strength Steel Sour Gas and 
Ohio, Pokorny, co-chairman, Cleveland Ivy Parker, chairman, Plantation Pipe Oil Wells. (Included Symposium 
Flec. Co., Public Sq., Cleve- Line Co., Box 1743, Atlanta, Raymond Sulfide Stress Corrosion. (Pub. 52-3) 
land Ohio. Hadley, chairman, Sun Pipe Co., 1608 per more copies one 
Walnut, Philadelphia Pa. address, $.50 per copy. 
TP-5A Materials Construction for Hand- 
BTP-16D Tests and Surveys, F. E. Kulman, chairman, ling Sulfuric Acid. Corrosion, August, 
Consolidated Edison Co. Y., Inc., TP-19 CORROSION DE-ICING SALTS NACE members, $.50; 
Irving Piace, New York 3, N. Y. J. C. Howell, Non-members, $1 per copy. s 
co-chairman, Public Service Electric & Gas F. E. KULMAN, Chairman TP-5C Stress Corrosion Cracking in Alkaline 


Solutions. 51-3) Per copy, $.50. 


Co., 200 Boyden Ave., Maplewood, N. J. ri 
Consolidated Edison Co. Y., Inc. TP-6G First Interim Report Recommended 


Pipe for Permanence! 


ACIPCO pipe has the lasting strength that enables survive continued corrosive 
year after year, and keep giving the same dependable, economical service 
the day was installed. manufactured the Mono-Cast centrifugal process 


under every service condition. Among the joints available 
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AMERICAN 
CAST IRON PIPE 
COMPANY 


Birmingham Alabama 
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GROUND ANODES AND THEY’RE 
THERE STAY. DIGGING 
‘EM MAKE SURE 


CATHODIC PROTECTION 


Impressed current systems Graphite 
Ground Anodes give positive, controllable, virtually per- 
manent protection from corrosion buried submerged 
metal structures. glance the rectifier tells you 
working and how hard it’s working against one 
industry’s most destructive enemies. 


the long run, what cheaper way can you install and 
maintain your buried submerged steel. 


4 


LEAD-COVERED CABLES 


The term ‘‘ National” is a registered trade-mark 
of Union Carbide and Carbon Corporation 
NATIONAL CARBON COMPANY 


Division Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N. Y. 


District Sales Offices: Atlanta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco 


TANK FARMS 


ley 
DROCHLORIC ACID ABSORBERS STRUCTURAL CARBON BUBBLE CAPS BRICK GRAPHITE ANODES 


Pioneer Cathodic Protection, HARCO equipped 
satisfy any and all requirements protecting 
underground pipelines from the menace corrosion. 


HARCO COMPLETE JOB-ENGINEERED SYSTEMS provide 
for every factor affecting your underground piping. 
Services include all necessary testing, drawings, mate- 
tials and installations, well maintenance. 


INSTALLATION CONTRACTING completed cus- 
tomers specifications and supervised experi- 
enced HARCO personnel. installation contract can 
cover much little the total job required. 


CONTACT HARCO FOR ALL YOUR 
CATHODIC PROTECTION NEEDS. 


MATERIAL AND SUPPLIES available from HARCO in- 
clude the famous HARCO air-cooled and totally oil- 
immersed rectifiers, built specific job needs 
G-E rectifiers graphite, treated-graphite and mag- 
nesium anodes Polyken polyethylene tape 
well Connections for cathodic protection 

systems Miller meters and cop- 

per sulphate electrodes for testing 

and other supplies necessary for cathodic 
installations. 


Write today for catalog 
call MOntrose 2-2080 


16991 BROADWAY CLEVELAND, OHIO 


LES 


THOROUGH “CHECK-UP” SPECIALIST... 


assures long life for pipe. This Barrett representative Listed here are definite advantages Barrett Waterworks 
checking freshly applied coating coal-tar enamel Enamel, which meets A.W.W.A. standards. 

lining. measures only 3/32 inch—yet without Rigid quality control 

steel pipe would soft touch for corrosion, tubercu- Prevents tuberculation and incrustation interior pipe 
lation and score other hazards which drastically surfaces 

reduce the length service and effectiveness pipe- Effectively protects external pipe surfaces against corrosion 
High dielectric properties 


Barrett’s Technical Service team. Whenever and where- 

ever Barrett Waterworks Enamels are used, the services under all kinds and 

these highly trained and experienced pipeline men are raphy 

available. From the blueprint stage, where Barrett Quick service 

Advisors help you determine the exact coating Wide availability 

meet specific needs minimum cost, right through 

the mill and pipeline site where Barrett coal-tar BARRETT DIVISION 

enamels are applied—these men are paid Barrett 

assist you! That’s why pays specify Barrett. You 

get the best protective coatings possible, plus expertly 

supervised application. In Canada The Barrett Company, Ltd., 5551 St. Hubert St., Montrea!, Que. a 
*Reg. U. S. Pat. 


RECTOR STREET, NEW YORK 


ALLIED CHEMICAL & DYE COR ORATION 
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Hydrochloric Acid Vapors 
Sulphuric Acid Mist 
Nitrous Oxide 
Chlorobenzol 

Toluol 

Aerated Benzol 
Aromatic Amides 


dust collector this design was constructed Three alloy dust collectors 
entirely from 14-gage alloy sheet have just completed years’ steady service 
resist severe corrosive conditions. 

handling these corrosive chemicals. They are 
used large chemical plant wash reaction 
gases and reclaim many valuable chemicals. 

alloy has excellent resistance 
hydrochloric acid all concentrations, even 
the boiling points. also has good resistance sulphuric acid and many other 
chemicals. The alloy can fabricated into practically any type chemical equipment. 

For information the resistance alloy B-has shown many corrosive 
media and fabrication procedures, write for copy High-Strength, 


Nickel-Base, Corrosion-Resistant Alloys.” 


Haynes Stellite Company 


Division 
Union Carbide and Carbon Corporation 


General Offices and Works, Kokomo, Indiana 
Sales Offices 


Chicago Cleveland Detroit Houston 


TRADE-MARK 


a 
q 


THEN LOOK THE UPPER PIPE 


completely 
INSUL-MASTIC 


The top pipe this unretouched photo- 
graph has three year old coating 
INSUL-MASTIC, the Superior protective coat- 
ing. The bottom pipe has been painted 
several times during those three years. 
These pipes are steel mill and both are 
constantly showered with acid vapors from 
coke quenching tower which around 
the corner the building. strong are 
the vapors that they sting the faces and 
arms workmen, but three years this 
punishment have not harmed the INSUL- 
MASTIC coated pipe. 


Steel mills throughout the country are learning that INSUL-MASTIC 
lasts for years and years and practically eliminates maintenance and 
replacement metal equipment. These coatings are extremely resistant 
acids, alkalis and moisture. They are specially made that way. The 
generous use Gilsonite, one nature’s most chemically resistant 


There INSUL-MASTIC 


representative near you. 
Write for his name! 


Think 
the 


Coatings 


AMERICA 
that last! Oliver Building Pittsburgh 22, Pa. 
Representatives Principal Cities 


September, 


minerals, helps give this lasting protection. 

Save your tanks, structural steel, pipes, quench cars and everything 
near your coke batteries. other mills are doing. Specify INSUL- 
MASTIC for coating this equipment. 
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CONCENTRIC-SUPPORT INSULATORS 


Provide low-cost, dependable protection for 
right-of-way crossings Simple install with 
ings Support blocks center pipe casing, 
spacer blocks provide clearance through casing 
Available for all combinations pipe and 
casing diameters. 


Provide water-tight seal even under the worst 
conditions out-of-round casing ... Unaffected 
dirt, moisture backfill during after 
installation (no dope, adhesive shield 
required) Electrical insulation pipe 
from casing provides economical cathodic 
protection. 


Write for Bulletin 249-A 


Easily installed with 
common hand tools. 
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: 


CORROSION 


non-profit, scientific and research association individuals 
and companies concerned with corrosion interested it, whose 
objects are: 


(2) promote the prevention corrosion, thereby curtailing economic 
waste and conserving natural resources. 


(b) provide forums and media through which experiences with corrosion 
and its prevention may reported, discussed and published for the 
common good, 


(c) encourage special study and research determine the fundamental 
causes corrosion, and develop new improved techniques for its 
prevention. 


(d) correlate study and research corrosion problems among technical 
associations reduce duplication and increase efficiency. 


(e) promote standardization terminology, techniques, equipment and 
design corrosion 


contribute industrial and public safety promoting the preven- 
tion corrosion cause accidents, 


(g) foster cooperation between individual operators metallic plant 
and structures the joint solution common corrosion problems. 


(h) invite wide diversity membership, thereby insuring reciprocal 
benefits between industries and governmental groups well between 
individuals and corporations. 


incorporated association without capital stock, chartered under 
the laws Texas. Its affairs are governed Board Directors, elected 
the general membership. Officers and elected directors are nominated 
nominating committee accordance with the articles organization. 
Election the membership. 

Inquiries regarding membership, and all general correspondence should 
directed the Executive Secretary the administrative headquarters 
the National Association Corrosion Engineers 1061 Building, 
No. Main Street, Houston Texas. 


Officers, 1953-54 


Houston, Texas 


Vice-President WACHTER 


Emeryville, Cal. 


BRANNON 


Houston, Texas 


Executive CAMPBELL 
1061 Building, Houston Texas 


Directors 


President 


Gulf Oil Corporation, Houston 


Vice-President 


Shell Development Company, Emeryville, Cal, 


Treasurer 


Humble Pipe Line Company, Houston 


Past President 


Ohio State University, Columbus 


Representing Active Membership 


Interstate Oil Pipe Line Co., Shreveport, La. 


NORMAN HACKERMAN................. 
University Texas, Houston 


Phillips Petroleum Co., Bartlesville, Okla. 


Representing Corporate Membership 


The Crane Company, Chicago, 


Aluminium Laboratories, Ltd., Kingston, Ont, Was 


United States Steel Corp., Pittsburgh, Pa. 


Dow Chemical Corp., Midland, Mich. 


United States Steel Corp., Vandergrift, Pa. 
Representing Regional Divisions 
WALTER (North Central) 1953-56 
Parker Rust Proof Company, Detroit, Mich, 
DERK HOLSTEYN........ (South Central) 
Shell Oil Company, Houston, Texas 
International Nickel Co. Canada, Ltd., Toronto 
Board Harbor Commissioners, Long Beach, 
California 

American Cast Iron Pipe Co., Birmingham, 
Consolidated Edison Co. Y., New York City 
Directors Officio Mon 
Committee 
Johns-Manville Sales Corp., New York, 

Committee 
Ebasco Services, Inc., New York, 


HOXENG, Chairman Publication 
United States Steel Corp., Pittsburgh, Pa. 
SCHMIDT, Chairman Technical Practices 


Committee 


The Dow Chemical Company, Midland, Mich. 
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Celanese Corporation America 
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Technical Practices Subcommittee 15A 


Corrosion Control Railroad Tank Cars 


ROBERT SPRAUL,* Chairman 


PRESENT there are approximately 141,000 


tank cars transporting about 600 different com- 
q 


these materials exhibit corrosive prop- 


operating the United States. increas- 


require protection from contamination 


corrosion products from the shipping container. 
felt that subcommittee, NACE’s TP-15 


Control the Transportation Industries 


contribute the solution some these 
The initial work assembling commit- 

and comparing ideas was conducted during the 


q 


The first meeting was held March 16, 1953, dur- 


the Ninth Annual Conference the National 


Corrosion Engineers Chicago. 


committee members and seven guests at- 


tended the meeting which the following committee 
were adopted: 


The objectives Technical Practices Sub-Commit- 
tee TP-15A the National Association Corrosion 
Engineers shall be: 


General American Transportation Corp., Research & Testing Lab- 
oratory, 300 West 151st St., East Chicago, Ind. 


Whitney, Jr. Verink, Jr. 


Monsanto Chemical Company 


Caldwell 


Dow Chemical Company 


Robert Riha 
Honnaker 
DuPont Nemours Company 


Munger 


Sands 


Electro Metallurgical Company Heger 


oss Harbaugh 


Inland Stee! Company 


Miller 
Spencer Chemical Company 


Henry Vogel 


Brown 


207 


stimulate and encourage research and inter- 
est determining the causes and methods 
controlling corrosion railroad tank cars. 

assist the development and evaluation 
testing and research methods for use select- 
ing construction materials protective 
systems for use railroad tank cars. 

serve means coordinating and dis- 
seminating technical information problems 
associated with tank car use. 


Three initial activities were started the March 


16, 1953, meeting: 


Evaluation corrosion testing procedures and 
correlation these results with field experience. 
The purpose this program provide data 
useful the selection protective coatings and 
construction materials for tank cars. 


Development recommended methods for clean- 


ing the interior tank cars prevent damage 
linings and construction materials. 


Recommended practices for the preparation 


tank car interiors prior application protective 
coatings. 
The committee now consists the following 


members: 


Diamond Alkali Company 
Aluminum Company America 
The International Nickel Company 
Heresite and Chemical Company 


Amercoat Corporation 


Pittsburgh Plate Glass Company 


Company America 


Chester Jekot 
Lithcote Corporation 


Thornberg 
Hooker Electrochemical Company 


Wallace Cathcart 
Tank Lining Corporation 


Robert Pierce 
Pennsylvania Salt Manufacturing Co. 


Donald Long 
Pennsylvania Salt Manufacturing Co. 


United States Steel Company 


VanDelinder 
arbide Carbon Chemicals Company 


Gunter 
Oil Corporation 


» 
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Corrosion-Fatigue 
Failure 


Marine 
Propeller 


CARL ZAPFFE* 


Introduction 

OMBINATIONS mechanical stress and chem- 

ical attack have produced types failures 
metals which are not yet fully One 
these corrosion-fatigue, widely discussed since 
Haigh* described 1917. particularly fine ex- 
ample has recently been studied during research 
program fracture mechanics.** Its principal fea- 
tures are here described, with reference new 
classification fracture detail which allows pre- 
cise treatment fracture pattern and 


Macrostructure 

tail shaft from marine tug 200 gross tons. This 
shaft was supported both ends bronze bearings 
and sheathed cast-iron stern tube. Apparently 
faulty servicing had allowed the lubricant within 
the stern tube displaced the brackish water 
Chesapeake Bay, the resulting combination 
corrosion and operating stresses leading failure 
corrosion-fatigue type. Fracture developed off the 
inboard end the outboard bearing, the engineward 
shaft fragment causing further destruction the 
stern tube before the motors were cut. 

the photograph, the base the specimen 
the sawed end from that portion resting within the 
bearing. The surface comparatively 
smooth, the shaft diameter remaining the original 
eight inches. sharp boundary visible above the 
base the specimen marks the inboard end the 
bearing, beyond which severe corrosion occurred. 
The upper surface the photograph the fracture 
face. 


outboard 


Figure two views are shown longitudinal 
sawed from the matching fragment en- 
gineward from the specimen Figure The frac- 
ture face again the top the photograph. The 


% Submitted for publication April 24, 1953. 

* Metallurgist, Laboratory of Carl A. Zapffe and Associates, Balti- 
more, Md. 

** Sponsored in part by the Office of Naval Research, Contract 
6-ONR-258. 
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Figure fragment tail shaft fracture. The smooth 
above the saw cut originally rested within the outboard bushing, the re. 
mainder being exposed corrosion from brackish water which 


into the stern tube. Note the rectilinearity the fracture 


Abstract 


ususually clear example fail- 
ure used basis for discussing those forms 
fracture which chemical attack combines with 
mechanical stress destroy engineering structure. 
The term “mechanochemical” introduced cover 
the entire category stress-corrosion, corrosion- 
fatigue, metal-fusion, stress-rupture and related types 
attack; and new fracture terminology given 
for precise description fracture details. 
ized thermodynamic theory then proposed the 
basis where fissuring results 
from stress-imposed changes thermodynamic mi- 
crosystems such (a) grain boundaries produce 
intergranular separations and (b) subgrain mi- 
cellar boundaries produce transgranular cracking. 


corroded surface the right, the 
deep-etched section the left. Arrows match 
outstanding cracks which can followed from the 
surface into the body the shaft. 

Two features are outstanding: 


cracks penetrate deeply into 
the steel, and 

work almost perfect rectilinearity dis- 
posed degrees the shaft axis. 


This gridwork depicts the normals the 


the present service conditions. Figure 


classical drawing from book 
lished 1896, from which the term 
lines” 
stress pattern exactly the pattern fracture 


Figure 


originates. will seen that 
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Figure 2—Matched views longitudinal inboard fragment. 
The corroded surface the right shows fissures typical positions nor- 


mal the counterhelixes maximum tension. The rough-polished and 
deep-etched face the left discloses the deep penetration some 
these This specimen the matching fracture Figure 


Microstructure 

Two photomicrographs Figure provide some 
detail from typical crack. Occasionally granular 
individual can found separated corrosion along 
near its boundary; and toward the tip the 
crack silicate inclusion has apparently favored dis- 
Nevertheless, the progress corrosion has 
been primary function stress maxima, 
microstructure providing only minor secondary 
This confirms the failure being typically 
type. 


Macrofractography 
Figure macrofractograph the specimen 
previous Figure records the story the 
toothy rim surrounds the specimen 


attack. One critical crack, its sidewall ex- 
plan “a,” had penetrated that depth 
for continued mechanical propagation 


unaided corrosion—this culminating 


shell steel deteriorated mechano- 


Since the detailed history the failure recorded 
the pattern, several technical terms 
defined for purposes precise description 

First, all traces and markings found frac- 


surfaces general are divided between two 
Major 
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Figure 3—Strain figures the surface 
tube deformed torsion. reproduction from 
Hartman’s 1896. 


Type —Endogenous features expressing structures 
the solid 

Type features expressing structures 
the rupturing stress 


the pattern Figure entirely prod- 
uct external exogenous factors, mechanical and 
chemical, further consideration need not given 
Type The details Type patterns are subdi- 
vided among triad terms: 


Focal, having with the origin the frac- 
ture; 

Peripheral, expressing the outer boundary the 
fracture progressive stages its development 

resulting from the meeting sep- 


arate fracture elements. 


Figure superimposed letters designate these 
principal forms fracture detail. “a” the focus 
the fracture the corroded surface particular 
mechanochemical crack which eventuated the failure. 
Immediately neighboring upon this focal area are periph- 
eral markings, outstanding examples being indicated 
the “b” arrow. These peripheral markings are usually 
closely perpendicular the direction fracture; and 
symmetrical fracture traverses they approximate con- 
centric rings about the focus. Their form derives from 
undulations fracture traverse, which derive turn 
from variations fracture velocity. the fracture 
velocity drops zero, cyclic stressing and fatigue 
failures, the traverse becomes discontinuous rather than 
undulating, giving particular prominence peripheral 
markings. 

Accordingly, the area enclosed peripheral trace 
represents the extent and the shape the dehering area 
particular stage development the fracture. 

Approximately perpendicular the peripheral traces, 
conjunctural markings often appear indicated “c.” 
These result from the meeting local fracture units, 
which often extend fingerlike ahead the periphery, 
sometimes even developing isolated areas dehesion 
within the solid advance the fracture front. When 
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Figure 4—Photomicrographs typical fissure. Except for occasional 
preferences for grain boundary the area inclusion, the corro- 


sion patch seems uninfluenced any factor other than stress. (Above) 


these conjunctures are between fracture elements issuing 
from single focus, and with more less symmetrical 
traverse, they lie nearly right angles the peripheral 
markings and hence approximate the fracture direction. 
the other hand, conjunctures fracture units hav- 


Figure 5—Macrofractograph the outboard fragment. Details 
fracture history are revealed the focal, and 


junctural markings. 


ing separate foci, perhaps further complicated 


lar traverses, may have readily interpreted 


ship fracture direction. 


the former case, the conjunctures are 


interradial; the latter, Thi 


and they lie closely along the fracture direction. 


Mechanochemical Theory 
Generalizations 


Since the interaction mechanical and 


factors particularly striking the present 


men, some remarks are order regarding 
mental concepts which such failures can 


stood. The status theory this field 


potheses have been offered, none wholly agreed 
except within restricted areas study. 


theory remains outlined, uniformly 


all those phenomena now separated for 


and sometimes variable—reasons 
rosion, corrosion-fatigue and metal-fusion types, 


one more “stress-rupture” types developing 


corrosive conditions elevated temperatures. 


searching for such theory, one 
immediately presents itself because 
problems have the common denominator 


cal stress cooperating with chemical 


aggravate corrosive attack. The term 
can accordingly proposed for inclusive 
the entire category, regardless the particular 


the attack. The derivation the term 
needs further description. 


Next, the single outstanding feature 
crack-type phenomena here under consideration 


*For a comprehensive discussion, which will not be 
here, see Harwood’s recent article? 
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stress. 
conditions negative stress, tension, and less nega- 


compression—whether other factors kinetic 


action corrosion which leads fissuring 


solid. This removes the emphasis from general 


mechanochemical corrosion and places specifically upon 


which attains augmented importance engineering 


its destructiveness. Nevertheless, that re- 
technological subhead mechanochemical cor- 


can seen from thermodynamic description. 
First, order for corrosion develop all, ther- 

modynamic system must obtain which the energy 
free energy can reduced through forma- 


for the then both 


defines the only direction the ultimate reaction 
may take and 
measures the amount energy available it. 


Asa function —RT the change free energy 


refers the chemical potential the reaction; 


consideration whether the reaction proceeds 


free energy requisite all reactions. 


Second, since also function dP, the 
free-energy change any given reaction must altered 
general, becomes more negative for 
tive for compression. This provides thermodynamic 
basis for understanding why mechanochemical fissuring 
always occurs areas under tension, never areas 


are active not. Maximum negative values will 
stress, agreement with the observations Figures 
2and micropattern, maximum values will inte- 
numerous complex functions arising from 
local conditions—inhomogeneities chemical constitu- 
tion and anisotropies internal stress—superimposed 
upon the macropattern. this micropattern which 
specifically responsible for mechanochemical attack 
type. The thermodynamic system here physi- 
minute, partaking forces fine-capillary type 


are known exceed the usual imposed mechanical 
factor the range 100. Gross measure- 
ments electrochemical potential function ap- 
plied accordingly have little direct bearing upon 
been designed which will measure the highly local- 
forces that are involved transcrystalline cracking 
until that becomes possible, the matter must left 
theoretical Spretnak and have 
thermodynamic theory for free surface energy 


involving internal pressures the crystal which 


grain boundaries and their formulations can used 
account for that augmenting which leads 
intergranular dehesion under purely chemical influences. 
Adding the effect stress the other factors affecting 
surface chemistry grain boundaries then provides 
understanding combined mechanochemical 
grain-boundary type. 

for the problem transgranular fissuring, this 
submits thermodynamic treatment when the 
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along transgranular rather than intergranular surfaces. 
Read, Reed and have already hinted this 
type explanation; the micellar theory for the solid 
specifically provides answer that form; and 
the consensus solid-state physics allows for the 
current endorsement imperfection structure, whose 
exact definition only remains agreed upon. The 
problem accordingly seems evolve itself into one 
capillary surface thermodynamics which the direct 
effect stress alter the microsystem. 


Corollaries 


the basis these two fundamental descriptions 
uniting the effects mechanics and chemistry 
numerous remaining theories for mechanochemical phe- 
nomena can accepted corollaries. The electrochemi- 
cal theory essentially thermodynamic derivation, 
but fractional application. The exceptional work 
Dix and Mears and their colleagues has established its 
validity for certain systems and strongly suggested 
for many others. However, not acceptable 
general concept because can have the most forced 
application, for example, mechanochemical fissuring 
nonmetallic bodies such plastics, fissuring 
metals other metals liquid gaseous form and 
fissuring noncondensing atmospheres elevated 
temperatures. 

Similarly, the theory must regarded 
corollary since arises from the kinetic viewpoint, 
rather than the thermodynamic. That is, order for any 
reaction continue, the access the reactants one 
another must remain unobstructed. reaction products 
accumulate, the free-energy characteristics the react- 
ing surface may reduced toward those equi- 
librated system. Stainless steel, when placed oxi- 
dizing atmosphere, provides remarkable example 
reactive macrosystem high potential almost completely 
throttled the obstruction its own reaction product 
within contained microsystem. this product re- 
moved either mechanical chemical means, 
reactive potential and this aspect chemis- 
try logically gives rise film-rupture theory for 
mechanochemical attack. the passivation/activation 
behavior stainless steel, this theory its generalized 
form outstanding; very likely has first-order 
importance the hydrogen-producing 
reaction associated with “boiler embrittlement” 
and among the several fissuring types here under 
discussion, particularly pertinent corrosion- 
fatigue. Nevertheless, the possibility reaction 
antecedent its culmination; and theory based 
upon kinetics must remain corollary thermody- 
namic description. Removal the reaction product 
probably always helpful, and may often neces- 
sary, for completion reaction within sienificant 
period time; but fundamental reason 
found for making film-rupture 
all mechanochemical fissuring. 

Remaining theories, such those concerned with 
internal precipitation, similarly have restricted 
validity, appropriate most for systems which 
precipitation occurs. Precipitation the solid state, 
course, intimately associated with the internal 
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surfaces under discussion, strongly altering the 
free-energy characteristics the capillary system 
particular and the chemical system general. Pref- 
erential precipitation the grain boundaries 
austenitic stainless steel can lead the catastrophic 
chemical attack known “sensitization,” even 
the absence stress; and corresponding intragranu- 
lar effects precipitation form the principal history 
Izett Nevertheless, precipitation can scarcely 
afford generalized theory, its role being influential 
rather than necessary. 


Closure 

With regard the present specimen, the 
stress has left clear record the macropattern 
clockwise and counterclockwise helical fissuring, rep- 
resenting normals the maximum tensile stresses 
developing during alternate forward and reverse pro- 
pulsion the tug. The micropattern shows the trans- 
granular characteristics corrosion-fatigue. Both 
patterns are keeping with the outlined mechano- 
chemical theory based upon thermodynamic consid- 
following maximum negative values for along in- 
ternal surfaces such postulated the micellar theory. 

Whether the initial fissuring action was importantly 
influenced film-rupture behavior regarded 
secondary consideration, also whether the reaction 
proceeded chemically electrochemically. Evidence 
favor the former stands the known mechani- 
cal effects the cyclic stressing, and the probable 
chemical effect scale penetration the ion. 
Evidence favor the latter suggested the 
somewhat surprising combination cast iron, bronze 
and steel found the shaft assembly. 
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Cathodic Protection Underriver Pipe 


LOYD and JOHN WHITNEY 


Introduction 


approval was obtained for the installation 
cathodic protection the underriver portion 
the one 12-inch and six 8-inch crude oil pipelines 
which lie the bottom the Mississippi River 
and connect Esso Standard Oil Company’s Baton 
Rouge and the Anchorage Tank Farm. The 
economic justification for cathodic protection 
these pipelines was based comparison the 
cost repairing leaks the cost cathodic pro- 
tection. 1946, attempt was made raise the 
line for repairs, but after several cables 
were broken, the attempt was abandoned for fear 
that some the other lines would damaged. The 
No. line was total loss and has not been used 
since that time. Also, 1946, the cost repairing 
aleak the 8-inch, No. pipeline was $10,611 while 
the total cost for cathodic protection the seven 
lines was $8220. 

This project was completed May 17, 1951. The 
cathodic protection unit also was expected furnish 
protection the steel armor 
cables, one 6.6 kv. power cable and one telephone 
cable, which cross the river the protection area. 
Five 8-inch pipelines belonging other industries 
cross the river the protection area. These lines 
were bonded into the system through variable re- 
sistor prevent stray current corrosion. These lines 
are receiving some, but not complete, protection. 


Details Design 

Because the practical difficulties involved, 
was impossible place the anode groundbeds paral- 
lel and running the length the pipelines 
protected. solution the problem obtaining 
full protection the middle the river, the cathodic 
protection unit was designed consist two sepa- 
rate rectifier units, each having its own groundbed, 
with one unit installed each side the river near 
the edge the water. These installations were de- 
signed provide overlapping protection the pipe- 
lines the middle the river. 
Basis 

The cathodic protection unit was designed pro- 
tect approximately 21,700 linear feet pipeline con- 
sisting one 12-inch and six 8-inch lines having 
total surface area 52,000 square feet. current 
3.5 milliamperes per square foot was used 
the minimum requirement for full protection; 
therefore, current 182 amperes was required 
achieve full protection. 


Rectifiers 
Two identical, standard, selenium, oil-immersed 
KA Paper presented at a meeting of South Central Region National 
Haatlation of Corrosion Engineers, New Orleans, La., October 1-3, 


CLYDE LOYD, Group Head the Metallur- 
gical, Corrosion and Welding Inspection Group 
the Equipment Inspection Department, Esso 
Standard Oil Company, Baton Rouge, La. Refin- 
ery, graduated from Louisiana State University 
1946 with mechanical engineering. 
Shortly thereafter was employed Esso 
Standard equipment inspector for its 
Baton Rouge Refinery. 


JOHN WHITNEY, engineer the Equip- 

ment Inspection Department the Baton Rouge 

Refinery Esso Standard Oil Company, 

graduate the University Texas. received 

and has been employed since the Baton Rouge 
Refinery. 


Abstract 


Installation protection the 3100-foot 
portion the one 12-inch and six 8-inch crude oil 
pipelines under the Mississippi River which connect 
the Baton Rouge Refinery and the Anchorage Tank 
Farm was completed May, 1951. current density 
3.5 milliamperes per square foot was used the 
minimum requirement for full protection the 
52,000 square feet surface area these pipelines. 
100 ampere, volt rectifier and groundbed were 
installed each bank the Mississippi River 
supply the protective current the pipelines from 
both sides the river. The groundbeds were de- 
signed utilize the mutual interference effect the 
anodes force the current flow toward the mid- 
dle the river and secure overlapping protection 
from the two units. Pipe-to-soil potential measure- 
ments both banks the river indicate that over- 
lapping protection was achieved and that full pro- 
tection the pipelines has been accomplished. 


rectifiers, rated volts, 100 amperes are being 
used supply the power required. Each rectifier 
equipped with power switch, voltmeter, ammeter 
and thermal overload relay. This size rectifier was 
selected because was available standard size 
which would meet the current and voltage require- 
ments, with the additional capacity provide for 
necessary operating adjustments. 


Transformers 


The transformers being used are both kva, 
single phase, oil-immersed units. The transformer 
used the east bank the river rated 2400— 
120/240 volts and the west bank transformer rated 
7200—120/240 volts. 


-307 
irch, 
see: 
’ 4 
Am. 
: 


304 


op 


on POLES 


1%" Comput -+- 470 


“awe cage 


awe 


AMOOES aT NEO “2 

@ 8 UNDERGROUND : 3 

ano ane 


1 


~ 
PIPELINES 
SOLOERED BOND \ 
TO ARMORED le 
TELEPHONE CABLE | 4 
hy 
-- 


SERV POWER’ TH@RMITE BOND TO PIPELINES 


TAP TO EXISTING 


Anodes 


Anodes used are the standard 2-inch 
cylindrical graphite anodes. They were buried ver- 
tically holes six inches diameter ten feet 
deep and were surrounded petroleum coke breeze 
backfill. The use backfill, the cost which 
small, increases the allowable anode current four- 
fold, thereby reducing the number anodes needed. 
The anode-to-soil resistance also decreased the 
use backfill which resulted lower required rec- 
tifier voltage. Backfill provides uniform resistivity 
for the entire surface area the anode which pro- 
duces even distribution current leaving the anode. 


ASSOCIATION CORROSION ENGINEERS 


‘ 


e2/oawe 
To : 


cage 


4/0 cage 

| 


| 


Tor or 
" 


sano fear 


2300 VOLT Power CAME be / 
tine 2/0 THERMOPYASTIC COPPER / 
6ur 
> 
ANOOES CONNECTED Jo 
UNDERGROUND 
/ 
BURNING 
/ » 
f 


Figure 2—Cathodic protection underriver pipe lines—east bank layout. 


This eliminates premature breakdown the 
points high current density and increases thet 


life considerably. Anode life for this installation 


expected exceed twenty years. 


Anode Arrangement 


east and west banks consist and anodes 
respectively, all spaced 15-foot centers. Both 
tically parallel the lines being protected, with the 
rest the groundbed placed angle 
give overlapping protection the middle 
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Figure 3—Pipe-to-soil voltage distance for the seven refinery under- 
pipe lines Anchorage Tank Farm. Note: This graph shows voltage 
measurements with the east bank rectifier turned on. The numbers 
the curves indicate the number the pipe line. 
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Figure 4—Pipe-to-soil voltage distance for the seven refinery under- 
pipelines Anchorage Tank Farm. Note: This graph shows voltage 


with the west bank rectifier turned on. The numbers 


the curves indicate the number the pipe line. 
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Figure voltage distance for the seven underriver pipe 


horage Tank Farm. Note: This graph shows voltage measure- 


with both rectifiers turned on. The numbers the curves indicate 
the 


the number the pipe line. 
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river. The groundbeds were located minimize the 
effect the protective currents other submerged 
structures the immediate area without sacrificing 
protection the seven pipelines. the east bank, 
the groundbed was installed approximately 1000 feet 
north the underriver pipelines. the west bank, 
the groundbed was placed the river side the 
levee approximately 1500 feet south the under- 
river pipelines. Placing the groundbed the river 
side the levee insured that the anodes would 
soil that would remain moist, thereby securing 
low soil resistivity with resultant decrease the 
required rectifier voltage. 


Wiring 


Considerable difficulty was experienced obtain- 
ing cable the sizes and with the type insulation 
required the specification this unit, some 
substitutions were made. No. 2/0 AWG stranded, 
copper cable was used lieu the No. 4/0 cable 
specified for the drain leads for lines both the 
east and west banks and for the section the main 
positive lead running from the rectifier under the 
railroad trestle the first pole south the trestle 
where connection was made the No. 4/0 weather- 
proof insulated cable running overhead. The specifi- 
cation further called for thermoplastic insulation for 
all cable running underground but No. 2/0 cable 
with thermoplastic insulation was not available 
the time construction and 30-week time had 
been set delivery this type cable. view 
the delivery delay thermoplastic insulated cable 
and the steady rise the river stage which threat- 
ened flood the installation site before construction 
could completed, test was run cable with 
Okonite-Okoprene oil-resistant insulation which was 
immediately available. The insulation was exposed 
varying concentrations sulfuric acid at- 
tempt simulate conditions present the ground- 
bed location the east bank where acid sludge was 
mixed with the soil. Since apparent damage 
the insulation was observed after exposure two 
weeks, the Okonite-Okoprene insulated cable was 
used all locations requiring No. 2/0 cable and for 
small portion the 4/0 cable the drain lead adja- 
cent pipelines belonging neighboring industry. 


Electrical Connections 


All connections the anode leads the main 
positive lead were made wrapping the end the 
anode lead around the main lead 
Pressure-type connectors were used for all other con- 
nections the positive side the load circuit and 
for all connections the negative side with three 
exceptions: 


the drain lead connections the pipelines which 
were made the Cadweld process, 

the drain lead connection the power cable 
the east bank which was made welding, and 

the drain lead connections the telephone cable 
both sides the river which were made 
soldering. 


connections the positive sides the circuits 
were insulated coating with one coat coal tar 
primer, placing the connection quart motor oil 
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can and filling the can with hot applied coal tar 
mastic. All connections the negative sides the 
circuits were insulated applying one coat the 
above-mentioned primer followed two coats 
mastic. 


Experimental Nature Installation 

addition furnishing protection the pipe- 
lines and under-river cables involved, this installation 
expected provide information used the 
design future cathodic protection units. With this 
mind, two parallel rows anodes the east bank 
groundbed were connected the main positive lead 
that they could easily cut out the anode 
system. This will permit study the interference 
effect the parallel rows anodes and their effect 
upon the current distribution. study also will 
made the shielding effect those lines nearest 
the groundbeds other lines the vicinity. 


Legal Problems 

The approval the West Baton Rouge Parish 
Police Jury, the New Orleans District Engineer and 
the Board Commissioners the Atchafalaya 
Basin Levee District was secured for this installa- 
tion and the permission the Missouri Pacific Rail- 
road Board Trustees was secured locate the 
west bank groundbed railroad property. permit 
was obtained from the State Department High- 
ways lay the anode cable under State Highway 
No. 319 the west bank the river. 

five 8-inch brine pipelines belonging 
another industry cross the river the protection 
area, this company was invited participate 
joint cathodic protection program. They declined 
take part the project but requested that their five 
pipelines bonded into the system prevent stray 
current corrosion. These pipelines were bonded into 
the system with AWG 4/0 copper cable drain lead 
connected series with variable resistor. The 
resistor was inserted the drain lead limit the 
current these lines. They are not receiving full 
protection. 

Results 

determine the effectiveness this installation, 
pipe-to-soil voltage measurements were taken the 
edge the river before and after the individual 
rectifiers were turned on. (See Table I.) pipe-to- 
soil potential —.77 volts with respect calomel 
electrode, which the voltage required for full pro- 
tection carbon steel contact with soil, was used 
the full protection criterion. With the east bank 
rectifier turned and the west bank rectifier off, 
voltage measurements the east 
and west banks were increased, with those the 
east bank excess (more negative than) —.77 
volts; this was also the case with the east bank 
rectifier off and the west bank rectifier on. With 
both rectifiers turned on, all potential readings 
both sides the river were excess (more 
negative than) —.77 volts. 

Straight line approximations voltage distribu- 
tion along the pipelines have been assumed since 
impractical take potential readings away from 
each bank the river (Figures and 5). While 
this assumption may not absolutely correct, 


TABLE 
Pipe-To-Soil Voltage Measurements the Underriver Pipelines 


BOTH RECTIFIERS OFF 


West Bank 
Pipeline Number (Volts) 
BOTH RECTIFIERS 
West Bank East Bank ; 
Pipeline Number (Volts) (Volts) the 
atta 
West Bank Bank 
Pipeline Number (Volts) (Volts) 
well 
WEST RECTIFIER one 
Pipeline Number (Volts) (Volts) 
believed approximations are close enough 
General 
The first potential measurements indicated that 
protection was being achieved even though the pipe 
lines the east bank were not insulated 
adjacent connecting lines from the dock structurt 
which lies south the point where the underrive 
lines enter the water. closer inspection 
current flow the system revealed that 
mately percent the applied current was being 
drained away from the dock structure proper 
than the pipelines. After the insulation the 
river lines from connecting lines, another 
indicated current was being retained the 
The readings discussed above are the 
obtained and were taken with the pipe system 
lated from adjacent lines and structures. 
Potential measurements taken adjacent 
indicate that the negative voltage with respect 
calomel electrode was greater after the lines 
bonded into the system. This change 
magnitude 0.02 0.05 volts. This has 
the belief that some slight increase 
potential would gained when the additional 
system was bonded into the 
cathodic protection unit. 
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Introduction 

HAS been recognized’? recently that there are 
distinct types corrosion associated with 
the operation sweet oil wells. The terms “high 
and “low pressure” sweet oil well corrosion 
have been used differentiate between the two types 

features which have distinguished 
“high pressure” corrosion from “low pressure” cor- 
rosion are these: the first class, corrosion usually 

present the beginning production. Severe 
attack when little 0.1 percent water 
produced the rate corrosion does not appear 
vary appreciably the percentage water in- 

creases. the other hand, “low pressure” wells 
usually can produced for years with trouble. 
corrosion does the “low pressure” 
wells quite severe and lives less than 
year have been Studies have shown 
that, apparently, corrosion only after some 
critical water-oil ratio has been exceeded. The work 
the National Association Corrosion Engineers 
Technical Practices Committee’ has done much 
bring about general appreciation these problems. 


the purpose this paper discuss recent prog- 


ress studies “low pressure” wells Subcom- 


mittee TP-1C Sweet Oil Well Corrosion, part 


work has confirmed the belief that the rela- 
which distinguishes “high pressure” corrosion 
irom “low corrosion. suggested that 
the terms “water-independent” (high pressure) and 
(low pressure) corrosion are more 
terminology. This nomenclature will 
this paper. 


The TP-1C Subcommittee was founded study 
corrosion problems sweet oil wells. Because 
the magnitude each the two recognized types 
oil well corrosion, was the collective opinion 
that both could not studied ef- 
lectively the same time. The decision was made 
the problem water-independent corrosion 
The choice was made principally because the 
nature this type attack, the dangers 
resulting therefrom and the obvious economic stakes. 
Previous papers have summarized the 


efforts toward solution this 
problem. 


After substantial progress had been made the 
water-independent corrosion, subcommittee 
was directed toward investigation the water- 


type corrosion. This problem proved 


* Paper presented under the title “Corrosion in Sweet Oil Wells” at 


Engineers, hicago, March 16-20, 1953. 


Studies Water-Dependent Corrosion 


Sweet Oil 
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GREENWELL—Associate Chemical Engi- 
neer The Atlantic Refining Crude 
Oil Production Department, charge cor- 
rosion studies the Petroleum Engineering 
Section. engaged corrosion control work 
for several years after graduation from Uni- 
versity Tennessee with ChE degree. Mr. 
Greenwell active The Natural Gasoline 
Association America and NACE committee 
Sweet Oil Well Corrosion. During World War 
served three years the Army Air Force. 


Abstract 


has been known for number years that cor- 
rosion problems occur the operation sweet oil 
wells. General recognition this fact has been 
brought about result concerted 
efforts the NACE TP-1 Committee. the pur- 
pose this paper summarize the present under- 
standing sweet oil well corrosion problems and 
discuss means detection and control. The greater 
part the data which support the views given 
the paper have been collected the TP-1C Sub- 
committee sweet oil well corrosion and various 
individuals associated with the TP-1 Committee 

has been established that two distinct types 
corrosion occur sweet oil wells. One type, which 
has been known “high pressure corrosion,” oc- 
curs wells producing little 0.1 percent water. 
The other type usually occurs lower pressure 
wells and related critical percentage water 
production. This paper considers both types sweet 
oil well corrosion with regard the causative 
agents, controlling physical factors, statistics 
occurrence and severity and control measures. Em- 
phasis placed the most recent developments 
the studies “low pressure” water dependent 
type sweet oil well corrosion. 


large economic significance also. Preliminary 
studies have indicated that percent the country’s 
low pressure sweet oil wells are economically affected 
corrosion. For purposes these studies, wells 
having corrosion cost $200 more are 
considered corrosive. The annual cost corrosion 
for each corrosive well has been estimated 
even with remedial measures. The average corrosive 
well experienced eleven years relatively trouble- 
free operation before corrosion set in. After corrosion 
started, tubing life was reduced average three 
years and tubing lives low six months have 
been reported. This average corrosive well pro- 
duced from depth 5050 feet and has bottom 
hole pressure 2275 and bottom hole tem- 
perature 160 degrees 

Using these facts basis, the subcommittee has 
undertaken define water dependent sweet oil well 
corrosion terms its empirical characteristics, 
causative agents, mechanism attack, analvtical 
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criteria and relationship production techniques. 
Evaluation remedial measures also forms im- 
portant part the subcommittee’s objectives. 


Relation Water Production 

Early studies low pressure wells were directed 
toward their most apparent characteristic—the de- 
pendence corrosion water production. par- 
ticular correlation was found between volume 
water produced and corrosion. However, only small 
proportion the wells producing less than barrels 
water per day were corrosive, while percent 
those making greater than 100 barrels water per 
day were corrosive. The distribution corrosive 
and non-corrosive wells between the limits and 
100 barrels water per day appears random, 
might reasonably expected. While this informa- 
tion has little value the problem prediction, 
does give insight into the economics operation 
and treatment. Wells making large amounts water 
usually have high lifting costs and the added burden 
corrosion expenditure can sometimes result opera- 
tion loss. many high water production fields, 
down time results loss production, that cost 
repairing corroded equipment not the only 
economic loss. Inhibitors must effective very 
low concentration when large quantities water are 
produced and the mechanical problems treating 
are more difficult many such cases. 

While the amount water production did not 
prove particular significance the problem 
prediction, comparison corrosion experience 
with percentage water resulted striking pattern. 
Composite figures, covering all the corrosive fields 
studied, are follows: 


Percent Water Percent Wells Corrosive 


0-20 
20-40 1.8 
40-60 
60-80 
80-100 


From this brief summary, may inferred that 
there critical water-oil ratio below which cor- 
rosion does not occur. Apparently, this ratio 
greater than percent water for most fields. 

The following pattern results when the statistics 
single field are tabulated: 


Percent Wells 
Percent Water Corrosive 
0-20 
40-60 
60-80 100 
80-100 100 


Another field has this pattern: 


Percent Wells 
Percent Water Corrosive 
0-20 
20-40 
40-60 
60-80 100 
80-100 100 


third field gives this pattern: 
Percent Wells 
Percent Water Corrosive 

0-20 amou 
20-40 conce 
40-60 100 
60-80 100 
80-100 100 

Thus, can seen that the water-oil ratio has 
primary influence whether not damage 
The factors which are thought responsible for this 
behavior will discussed later this article. 
there 
Controlling Factors 
apparent these factors have given much 
clearer picture the cart than the horse, Wha 
present, there precise answer this ques- 
tion. However, the problem thought the 
stood its general aspects. any system, there 
must both ability and opportunity for corrosion 
occur. believed generally that the corrosion reliab 
tendency, ability, provided the traditional 
causative agents, i.e., carbon dioxide and acids, 
amounting acid the well. Carbon dioxide and 
appears occupy the primary role because the and 
pitting attack produces. insoluble primary cor- gov 
rosion products are formed and the rate reaction 
does not decrease with time. The part which fatty canno 
acids play somewhat less certain. Fatty acids 
tent the order 1000-1500 ppm (as acid) 
have been reported from wells suffering severe cor 
These relatively high fatty acids concentra 
tions were accompanied low partial pressures seen 
carbon dioxide. However, general rule, be- causat 
lieved that fatty acid content usually lies much pre 
lower figure wells which have 
quite probable that there analogy with con- done 
densate well corrosion, where fatty acids are duced 
contributing rather than primary, factor. applic 
Water-dependent sweet oil well corrosion not 
without its exceptional cases. Widespread, severe 
corrosion has been reported where the 
neither carbon dioxide nor fatty acids have been 
detected. Other, less well defined instances this 
unexplained behavior have been noted. result. per 
there growing body belief that there are 
ditional undiscovered corrosion causative agents that 
some production. Private investigation few 
individuals has been unfruitful. The difficulties sev 
investigating such question cooperatively this 
time are apparent. Much work remains 
the subject causative agents. 
The opportunity corrode governed the 
factors which permit the steel wet the 
rosive water. These appear the wetting tent The 
ency the oil and the relative amount 
present. All oils possess the wetting property low 
some extent. This wetting tendency, the 
great little, does not appear vary with the 
centage oil. However, with given tend: 
ency, the film protective oil will this 
some ratio water oil. Undoubtedly, there Well 
which cannot measured readily. The so-called 
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water-oil ratio produce corrosion will vary 
widely from field field, even though the same 
amounts causative agents may present. 
that field might never economically 
wrrosive even though all the causative agents were 


Analytical Criteria 


agents. Although work has been under- 
establish prediction criteria this basis, 
are insufficient data now justify formulation 
task, particularly with regard carbon dioxide. 
not possible correlate corrosion directly 


with percentage partial pressure this gas, 


with condensate wells. condensate wells, 


the proble involved fresh water where the ratio 
volume water volume very large. The con- 
carbon dioxide the gas, then, was 


reliable index downhole acidity. The situation 
much straightforward oil well. The 


gases and water are more nearly equal 


both must taken into consideration. Solubility 


and ionization carbon dioxide complex brine 


and pressure. Down-hole oil well 
inferred from the concentration carbon 


the gas sampled the surface. The 


determined only calculations which are, 


present, somewhat elaborate and inexact use 


special apparatus the laboratory. Thus, 
seen that knowledge the concentration known 


causative agents does not furnish reliable criterion 


prediction. 


While considerable amount work has been 


attempts relate the iron content pro- 
water with corrosion, date generally 


applicable criterion can presented. This some- 


surprising development. When corrosion oc- 


iron dissolved and would expected that 


the amount iron loss would susceptible 
meant some quantity such pounds 


and not ppm. With few exceptions, such 
has been developed. Analyses have shown 
that the iron production from group known 


wells will vary from inappreciable amounts 
several pounds per day. equally wide varia- 


the same well stream has been found. cases 


when the apparent iron production reasonably 


0.5 Ib. iron per day can signify severe 


one field, while five pounds per day 
field may little cause for alarm. 


There are several probable reasons for this disap- 


situation. well known that many shal- 


low water sands have high concentrations iron 


the form ferrous bicarbonate dissolved the 
More and more evidence being obtained 


the conclusion that deep strata are similar 


this must admitted then that, any 
7 W >| ‘ ’ ha 
ell Producing bottom water, iron “natural” origin 
produced. 


Another important variable universally recognized 
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but seldom acted upon the necessity having 
representative samples. Frequently, several days’ 
work required obtain one truly representative 
sample well effluent. Application exacting sam- 
pling procedures useful scale beyond the 
reach practically all investigations. the other 
hand, reasonable care will yield useful samples 
many cases. any event, the practice obtaining 
samples the easiest possible manner enjoys wide 
currency. There are certain inherent faults with 
wellhead sampling which must not overlooked. 
many wellheads, the has risen value 
which accompanies the conversion soluble ferrous 
bicarbonate much less soluble ferrous carbonate. 
these cases, “total” iron determinations are not 
total all with respect the well stream. Handling 
the sample after has been collected, method 
analysis and manner reporting data also are 
important. 

The time-honored coupon technique has not fared 
well application sweet oil well corrosion investi- 
gations. Not many instances the successful use 
flow line coupons have been reported. The prin- 
cipal reason for this result inherent the charac- 
teristics the well. Most sweet oil wells simply are 
not corrosive the surface and this fact alone 
strong proof that carbon dioxide probably the 
principal causative agent. Results coupon ex- 
posures also are influenced the technique em- 
ployed and such factors temperature, paraffin 
deposition and dissipation the corrodent. 

Coupon studies have been redeemed impor- 
tant extent favorable results obtained some 
operators who have exposed specimens various 
depths wells. One very serious, widespread case 
corrosion was discovered during the past year 
through this method. all indications the sur- 
tace, the wells were non-corrosive. interesting 
examine the coupon data. Rates coupon cor- 
rosion two wells were follows: 


Well No. 
Depth IPY Water 
Feet 
6000 0.0479 
4000 0.0194 
2000 0.0068 
Well No. 
6000 0.0212 


4000 0.0025 


Subsurface exposure coupons is, course, not 
the simple that flow line coupons present. 
However, until possible predict corrosion 
from data which can obtained the surface, 
coupons will play valuable part the study and 
control sweet oil well corrosion. Details this 
useful technique have been presented and 
need not discussed here. 

Attempts have been made relate the wetting 
power oil and corrosion but far success has 
been achieved only general sense. one hand 
most cases corrosion have been shown asso- 
ciated with oils poor wetting ability and the 
other oils good native wetting power are known 
occur fields which are non-corrosive. Work 
this aspect the problem has not progressed the 
point that critical water-oil ratios can predicted 
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from wettability data. Studies specific fields have performance and the critical water-oil ratio, 
shown that the protection afforded the oil sion can anticipated long before occurs, 
clearly function the percentage oil the well has been observed also that even after 
derive more general conclusions when sufficient addition the expected variables rate 
data become available. tion, percentage water, temperature and pressure 
Metallurgical Factors starts, increases maximum and then 
corrosion problem independent the prop- Perhaps careful analysis each case would shoy 
erties the metal being corroded. The discussion this behavior results from the combined effects 
thus far has led the conclusion that the phenome- several changing quantities. Gas-oil ratio believed 
non sweet oil well corrosion largely governed significant the corrosiveness wells and 
the wetting (protective) power the oil and numerous instances corrosion 
corrosive properties the water. Metallurgical fac- the GOR increases. This might 
tors upset this view some extent. Severe “ring more proof that carbon dioxide 
attack tubing has been observed wells causative agent. Perhaps gas-water ratios 
producing approximately percent water. Nor- will found correlate better with corrosivenes 
mally, wells this field must reach percent water than gas-oil ratios. 
before corrosion begins. The wells which the 
“ring worm” attack took place had other signifi- 
cant corrosion damage. Serious attack macaroni towar 


strings employed certain gas lift schemes has been 
experienced. These wells suffered corrosion 


other in-hole equipment and the problem was elimi- 
which have been established. Present control meas- 
sizes pipe have been troublesome from the corro- 
ures undoubtedly will become more economical 
sion aspect for many years. better understanding 
the properties desired reduce corrosion suscep- 
tibility has led significant reduction these 
metallurgical know-how and better mechanical de- 


sign, building corrosion into installations shall cease. 

application has been reported. 

Relationship Method Production One operator solved the problem treating mor 

large group wells injecting inhibitor into the red 

gas lift system. Adsorptive-type chemical 

into the lines daily, the amount used governed 
water percentages follows: 


Preventive Measures 
fortunate that the effective application 
protective measures does not depend solely com- 


There has been wide interest the influence 
method production water-dependent sweet oil 
well corrosion, but clear-cut relationship has been 
established yet. appeared for some time that the 
use gas lift aggravates the corrosion process and Qts. Chemical 
than would expected from experience with flow- 66-75 
few fields but cannot applied generally. treatment has been effect since late 
investigation has shown that, most cases, water 


interre atec that cannot considered inde- these wells equipped with packer. 
pendently. Final evaluation the effect gas lift- 


ing must withheld until more data are available. 
satisfactory group gas lift wells The 


with packers. This group wells produced 


rosion 


proper 


Other Influencing Factors 
percent water. In-hole coupon exposures showed ment 
Certain other factors which must considered cellent protection was gained the tubing 
noted. clue the engineer trying anticipate One company experienced unusual set 
corrosion the observation that oil wells associated cumstances which made development 
with corrosive gas production usually are corrosive. stick-type inhibitor attractive possibility. 
The corrosion tendency the reservoir disclosed corrosion was experienced group the 
the life the gas wells. The oil wells be- wells. These wells were extremely the 
come susceptible only when the oil longer affords sanding-up and experience had shown that 
protection the steel. Thus, forewarned, the oil was necessity. commercially available The 


wells will observed with the belief that corrosion would dissolve the proportion oil and 
almost inevitable sometime during their life. being produced and bottom hole temperature 
When becomes possible predict both reservoir would not melt them. truly 
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incorporating rosin derivative inhibitor was made. 
using this stick two corrosive flowing wells 
eleven months, appeared that this particular 
economic failure. Apparently successful 
commercial sticks wells having sufficiently 
bottom temperature has been reported for 
large number wells. The frequency 
and the shut-in time following treatment 
show widely practice and generalization can 
treatment appears more expensive than 
and application liquids. 
The adsorptive-type inhibitors some cases 
has unexpected benefits from other quar- 
There some belief that ad- 
type inhibitors have certain detergency 
and has been reported also that 


with inhibitor are less viscous than 
Several with such results lowered stuffing box 
the pressure pumping well. has even been stated 


facts 


will 


this type inhibitor has lessened deposition 
scales. While none the foregoing can 
being applicable any other location 
substantiation, they are more than 
interest. any one the above results could 
obtained corrosive field, the economics 


most the corrosion would changed consider- 


lass There little basis upon which anticipate 
occurrence, but these effects can watched 
when inhibitor program put into effect. 


the added benefits obtained, may permit 
effective corrosion control program because 
reduced operating costs. 


nto the 


The fact that water-dependent sweet oil well cor- 
ned 


appears closely related the wetting 
properties the oil suggestive means 
the corrosion. The idea was conceived sev- 
years ago that should practical increase 
the wetting power oil adding the proper 
agent with the expectation the produced oil, 
and would furnish protection the equipment, 
thus, effect, increasing the critical water-oil ratio. 
article dealing with this subject was published 
Although not reflected the literature, 
progress has been made practical applica- 


this method since. 


ved the native wettability the oil and the improve- 
wettability resulting from the addition 
agent the mixture. The drop-size ratio 


may described very briefly fol- 
fille 
the produced water and held captive 
small steel plate immersed horizontally 


Sever 
the water. The shape the captive drop will depend 


tible 

the degree which wets the steel surface. The 
drop will flatten, spread out, according the 


Netting power the oil. The flatter the drop, the 
more oil wetting taking place. 


The flatness required for suitable pro- 
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tection has been determined through extensive ex- 
periments. Various wetting agents combinations 
agents are tried until the formula which gives the 
most economical drop size reduction found. Field 
experience with this approach has demonstrated that 
treatments chosen the laboratory work well 
actual application. While taking fully into account 
the complexities the drop-size ratio technique, 
obvious this method much less cumbersome 
than the indirect evaluation methods required for 
other types inhibitors. possible write 
“prescription” for the well advance and the eco- 
nomics treatment are known before any chemical 
has been used. Another advantage the wetting 
agent approach that, frequently, the minimum 
phase (the oil) being treated. the oil respon- 
sive treatment, the economics seldom become 
unfavorable due increasing volume water. 


possible disadvantage the immediate wide- 
spread commercial application this procedure lies 
the complexity the wetting Many 
agents must tried for each system and specialized 
equipment and procedures must employed. There 
universally good wetting agent and each prob- 
lem must considered individually. Until several 
more years experience has been gained, great 
amount control work probably will required 
for effective use wetting agents. 

Further investigation wetting agent behavior 
being made several laboratories. Different types 
agents and combinations agents are being 
studied. should expected that knowledge 
this subject will broadened considerably the 
near future. 


Conclusion 


summarizing the problem water-dependent 
sweet oil well corrosion, appears controlled 
two factors: The ability corrode and the oppor- 
tunity so. Ability determined the concen- 
tration and behavior causative agents the well. 
Opportunity governed the native wetting tend- 
ency the oil and the proportion oil and water 
which the film oil steel overcome. The cumu- 
lative effect these factors that corrosion this 
type appears well when critical water-oil ratio 
exceeded. 

Upon this basis, the NACE Subcommittee TP-1C 
performing industry wide study the corro- 
sion problems sweet oil wells. The corrosion his- 
tory every field operated the participating 
companies being compiled. Fields 
study will chosen from this information, and 
further investigation each aspect discussed this 
paper will carried out the subcommittee. 
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DISCUSSION 


Discussion Edwards, Superior Oil Co., 
Houston: 


With reference the use coupons would like 
point out few things that believe are interest. 
Although Mr. Greenwell presented very good 
paper the preparation coupons previous 
NACE meeting, continued coating our coupons 
with petroleum jelly. found one field South 
Texas that such coupons apparently retained oil 
wet surface from the petroleum jelly which some 
cases reduced the rate corrosion compared 
weeks’ exposure. This difference was most notice- 
able corrosive well with higher cuts. One well 
this same field that has been cutting percent 


since completion years ago has just been cali- 


Coupons set the tubing 6000, 4000 and 


2000 feet indicated high rate corrosion 


bottom becoming progressively less the tubing 
but the caliper indicated very little corrosion beloy 


5100 feet, percent wall reduction 


5100 and 3600 feet and progressively less above 


feet. well cutting percent and total fluid 


300 with bottom hole coupon 


rate excess .04 IPY being treated with 


inhibitor. Although the reduction iron the 


duced water negligible (20 down ppm}, 
coupons have indicated better than percent 


tection with this treatment. 


another field (South Louisiana) where the 
rosion was found serious after the water 
duced exceeded percent, both coupons and calipe 
surveys indicated that the corrosion was sever 
the bottom becoming progressively less all 
way the surface. The corrosive wells this 


are being treated with stick type One 


well producing the neighborhood 1000 


with percent cut has been satisfactorily 


tected with sticks every other day. Previous 


treatment down hole coupons had 
sion excess .02 IPY. Several wells this 


are being treated without shutting the well. 


sticks all wells are chased with wire line tool 
least once every weeks insure their going 
bottom. 
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Introduction 

and gis wells that thin-walled metal cylinder 
which intended maintain the original hole for 

productive life the well. the early history 

the petroleum producing industry with uncon- 

trolled production rates was assumed that the 

severe would last the productive life the well 

all the little was given possible damage 

fact, until recently the casing string was de- 

signed primarily withstand tensile and collapse 

failures with minimum safety factors. With prora- 

reducing flow rates prolong the productive 

and increase the ultimate recovery from today’s 

his oil the corrosion this equipment receiving 

the close 1951, the American Petroleum 

Institute reported 482,260 producing oil and gas wells 


within the United States. Although the maximum 
productive depth that time was 15,530 feet, the 
average depth the productive wells was 3888 
conservative estimate the steel used the 
production string (assuming 7-inch 29-pound per 
tons which, today’s prices, worth some 
Casing failures are occurring many wells 
the older fields well some the newer 
felds time when only part the recoverable 
reserves have been produced. The wells which must 
produce these reserves represent 
vestments. Because the vigorous and prompt 
prosecution remedial work the industry when 
casing failures have occurred, major damage 
has seldom actually occurred. Neverthe- 


the potential damage reservoir such 


cases is great. 


Repair such failures often can made only 
setting inside liners, the cost which frequently 
the original cost the well. some few 
repair takes the form redrilling the well 
today’s drilling costs, may not economi- 
feasible the case some the poorer fields. 
unless the oil produced adjoining wells, 
failure can result the loss recoverable oil. 
The corrosion this vital member the sub- 
equipment oil gas well presents 


most complex problem and challenge the cor- 


sion engineer. unable examine the mem- 
most instances until the damage done. 
rely caliper surveys which can run only 
the tubing out the hole determine the 
condition the pipe and must rely 


pa hg delivered at the Ninth Annual Conference, National Asso- 
ation of Corrosion Engineers, Chicago, Il., March 16-20, 1953. 
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Abstract 


January, 1952, there were 482,260 producing oil 
and gas wells the continental United States, 
having average depth 3888 feet. Assuming 
7-inch 29-pound casing, these wells were 
equipped with approximately million tons steel 
the oil string, having present-day replacement 
cost about $5,000,000,000. These wells should 
produce crude oil reserves estimated billion 
barrels plus some 4.5 billion barrels natural gas 
liquids. 

limited polling companies participating 
NACE Committee TP-1H activities indicates that 
fields which only 45,830, less than per- 
cent, these wells are located, repair casing due 
corrosion failure costing these companies 
excess $2,000,000 annually the present time. 
This exclusive loss production due down- 
time, premature abandonment isolated wells and 
factors less tangible nature. Obviously, the 
‘total loss industry great and can only 
estimated. 

This paper discusses the various causes such 
corrosion failures, the presently used methods 
repair and preventive measures currently being 
practiced. The results survey one operator’s 
experience over 10-year period drawn upon 
some detail. 


failure frequency, well history and workovers 
learn the external condition the pipe. 

view the obvious seriousness the problem, 
National Association Corrosion Engineers’ Tech- 
nical Practices Committee 1951 organized Sub- 
committee Corrosion Oil String Casing 


study the problem detail. Much the data 


sented this paper the work this subcommittee 
and the participation all its members hereby 
acknowledged. 


Previous Investigations 


Among the early investigators who recognized the 
industry’s problem were Bailey and who 
describe the damage casing the Magnolia, 
Arkansas, area, which produces sour sulfide- 
bearing crude; and Ewing and who reported 
the results work the Loudon Pool Illinois 
correct serious problem electrolysis resulting 
from differential aeration the flow line and casing. 
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TABLE 
Oil String Casing Corrosion 


Summary Questionnaire Replies from Participating Members 
National Association Corrosion Engineers Committee TP-1H 


Montague.......| Montague | 


CHARACTERISTICS FLUIDS PRODUCED 
Water Gas Number REPORTED By 
Pro- ——_ —| Gas- Analysis Wells COMMITTEE MEMBERS 
ducing Crude Total Oil Percent 
Producing) Depth, —-————_| Solids, | HbS, Ratio, Field, Operated | Failures 
AREA—FIELD County |Formation| Feet (Gravity | Sulfur | ppm ppm CFB HeS CO2 1951 in Field | 1949-51 Percent @ ARES 
East Texas...... Gregg, Woodbine — 38° Sweet 61,000 29,293 688 | 1 eo Eas 
et al 3,8 | | 
East Texas...... Gregg, Woodbine — 38° Sweet 60,500 350 None 2.3 29,293 1,384 | 11 0.80 Eas 
Rusk 3,80 | 
Rusk 3,8 
NET 2 hae nak | Titus, Trinity 4,200- 22° Sour 17,400 | Trace 25 Less 3.6 889 271 0 37 Tak 
| Franklin | (Paluxy) 4,300 | | than 0.1 
GULF COAST: GULF 
Jefferson Miocene 4,3 31-36° Sweet 95,000 None 250- 0.6 154 Fan 
| Frio, | 8,250 | | 3,100 
Marginu- | | 
line 
Hankamer...... | Liberty Frio, 1,990- | 24-33° | Sweet 87,000 | None 300 92 22 2 91 Han 
Miocene | 7,100 | 
Magnet-Withers .| Wharton | Frio 5,520- 25.6° | Sweet 421 139 | 07 Mag 
| 55 86 | 
ere | Fort Bend! Miocene, 2,250- 28.5° | Sour 26,000 | 25 239 49 19 | 1 53 Moo 
| | Frio, 7,700 | | 
| Yegua | 
Tomball. ... .| Harris | Cockfield Sweet Tom 
ease | Mon 


summary these data shown Table As- 


failures due all causes occurring its 


Panhandle... . . Gray, Wolfcamp| 3,000 40° Sour 0.5 9,000 583 1 0.17 Panh 
TEXAS: TEX 
Colorado Jim Cockfield 3,100 46° Sweet 32,000 None 400 245 Color 
Darst Guada- Edwards 2,600 Sour 580 Darst 
| lupe | gible | e 
Hobbs.... ...| Lea N.M. | San | 4,175 | 35° Sour 19,000 699 267 9 | l IL Hobb 
Keystone-Colby..| Winkler | DRS ake | 3,300- | 35.5° | Sour | 423 15 l 67 Keyst 
Andres | | | 
Monument | Lea, N.M.} San | 4,000 | 30.5° | Sour | Trace 1,004 42 | 2 
Pemwell. | Ector | San 3.300 | 34.5°| Sour | 580 3.2 0.1 203 10 | 1 10 
} | Andres } | enwe 
Penwell.... .| Ector | San | 37.0°| Sour High | 203 17 54 
Ector | Ellen- 9,500- | Sweet crude Trace Un- 160 23. 43 TX 
| | | | | 
| loosa 7,800, | | | | | | 
a—Flow line current measured 2.8 amperes after failure. : 
b—Acidic gas in vapor space of annulus. | 
c—Production string exposed to salt section. A prides 
Little additional information available litera- the same failure frequency nonpa 
ture the specific problem casing corrosion. pating companies the fields covered, the 
failures may estimated 646 and the 
Magnitude Problem repair approximately $6,600,000. Similar 
recent survey was conducted the Subcommit- sion all fields within the United States 
tee TP-1H determine the extent the problem. justified but the magnitude the 
The committee members submitted data 123 lem should evident. Its solution should 
. . . . . . . ° 
casing failures which occurred some fields dur- significant bearing the cost producing oil in™ 
ing the years 1949 through 1951. these fields, future. 
. . . . 
the members operated 7126 the 45,830 field wells One participant the above-mentioned 
involved and reported repairs have cost $867,256. activities made extensive study all 
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Oil String Casing Corrosion 
Summary Questionnaire Replies from Participating Members 


TABLE 
National Association Corrosion Engineers Committee TP-1H 


| 
TEXAS: 


| 
East Texas... | 

| 
East Texas. . } 


East Texas 


COAST 


Fannett....-..- 


Age 


Average 
Wells at 


Failure, 
Years 


18 


Depth 
of 
Failure,| Apparent 
Feet Cause 
116 Unknown 
175- | Stray Current 
310 
175- | Acid Water 
325 
1,252, Stray Current 
1,500, 
3,120 
1,876 External 


Hankamer . 20 3,805 
Magnet-Withers.| 10.5 | 2,349- 
| 5,495 
Moores......-- 18 500 
Tomball....... 10.5 3,877, 
4,384 
NORTH TEXAS: 
Montague... .. | 25 350, 
562, 
950 
TEXAS: 
Colorado, . 10 1,500- 
| 1,600 
Darst Creek P 19 797 
Flour Bluff. 8.9 3,300 
WEST TEXAS: 
21 2,045 
Keystone-Colby. | 7 1,009- 
| 1,040 
7.2 | 3,480- 
3,497 
Monument 14.2 515, 
610 
Monument 16 600- 
1,500 
Penwell.... 18 1,200 
Penwell 12.5 2,073 
TXL 6 3,856- 
| 5,012 
Vacuum 1,778- 
1,782 
Wasson 11.9 1,215, 
1,650 
5.75| 
5,060 


Acid Water 
Unknown 
Salt water 


and gas-lift® 
Unknown 


Stray Current 


Stray Current 


Possibly 
Bacteria 

Unknown 

Stray Currents 

External 

Acid 

Salt water 


Internal 


Acid gas® 


Salt section 
Acid gas 
Salt water 
Unknown 
Internale 
Acid gas 


Possibly 
tubing wear 


METHOD REPAIR 


COST, DOLLARS 


Maxi- 
Cement Packer PatchLiner mum Total Remarks 
| 
| Severe external pitting from 90 to 300’. 
1 4,130 11,120 | 45,390 | Four leaks occurred about 2,200’, remainder 
about 300’. 
23 3 9 3,120 8,900 | 99,200 | No significant flow line current or subsurface 
currents observed. 
7 2 1 3,200 | 12,000 | 32,000 | Insulating flanges installed in 1949 has re- 
duced number of failures. 
| | 
2 ae | 20,573 | Casing leaks occurred in cap-rock of Fannett 
salt dome. 
+ Sg) ess 15,000 17,000 | 30,000 | Heavy casing program possibly cause of 
few failures in this field. 
1 11,173 | 11,173 | 11,173 | One well abandoned due to collapse of cas- 
ing on squeeze job. 
5,272 | Leak believed caused by internal corrosion. 
9,400 12,300 84,600 Casing potential profiles indicate currents 
leaving casing in area of failure. 
1 2 1 5 2,170 2,916 19,500 | No significant flow line or subsurface cur- 
rents found present. 
Well Plugged and abandoned. 
5 1 1 8,720 | 17,600 | 52,300 | Insulating flanges installed in 1950 has re- 
sulted decrease number failures. 
5,416 Caliper survey indicates no internal cor- 
rosion. 
eS eR Bees 2 20,000 | 23,000 | 40,000 | Casing now protected by injection of organic 
| inhibitors. 
) As Se 2 15,000 | 21,850 | 45,200 | Recovered casing shows no external attack 
in area of failure. 
2 6,000 7,000 | 12,000 | Casing caliper—severe corrosion, 0-600’; 
crude oil to exclude corrosive gas. 
1 10,300 | Casing now protected by injection of organic 
| inhibitor. 
9,888 | Casing caliper indicated 10-30% wall re- 
duction, 2,100-2,335’. 
ae 8 estes 5 20,200 | 30,000 | 225,000 | Casing-tubing annulus now loaded with or- 
ganic inhibitor and crude. 
51,950 | Leak in same well in 1947 at 4,528-63’ which 
was cemented off. 


4 


operations during the 10-year interval 
through analysis well completion 
and workover records, visual examination re- 
equipment, the analysis produced fluids, 
line current surveys and internal casing cali- 
usually provided sufficient information 
the actual cause failure all but 
limited number cases. The study revealed 
percent all such failures could attrib- 
corrosion. The remaining percent occurred 


mechanical failures, erosion failures 


failures from unknown causes. Most failures 
from external corrosion casing forma- 
waters that had not been confined cement 


mud neutralized alkaline muds. Other prom- 
inent and contributory causes revealed the study 
were the flow stray currents and contact with 


acidic gases. the failures not attributed cor- 


rosion, those occurring due erosion fluid cut- 
ting adjacent orifices tubing, couplings and gas- 
lift valves were most prominent. The 301 failures 
from all causes were repaired cost some 
$2,342,000, average $7800 each. Repair 
the 238 failures due corrosion cost $1,097,014, 
approximately $4600 each. result this study, 
was apparent that certain corrosion preventive 
measures had apparently prevented failures mini- 
mized losses many fields. These measures in- 


315 
| 11.3 | 
Taleo... -- | 
| 
34 10.5 | 
| 
| 63 
q 
| 4 | 
| 
| ] 
| 
| 76 
| 
is 
| | 
; 53 | 
| | = 
| 
| 65 
67 
| 105 
48 § 
10 
59 
43 
12 § 
76 § 
| 


316 


cluded appropriately planned mud and cementing 
programs, the use inhibitors for protecting the 
inside casing and the use insulating flanges 
unions minimize the flow electrical currents. 
has been observed one operator that very 
few casing failures have been encountered those 
fields which highly alkaline muds were used 
the drilling and running casing strings and this 
observation believed particular significance. 


Causative Factors 
The failures oil string casing are usually attrib- 
uted one more the following causes: 


External Corrosion Causes 


Bacterial attack 

with formations varying mineral and 
fluid content 

Electrolysis caused stray and subsurface elec- 
trical currents 

Galvanic action caused the presence dis- 

similar metals close proximity 
Metallurgical defects casing. 


un 


Internal Corrosion Causes 


Vapor space attack acidic gases 

Fluid zone attack acid waters 

Corrosive gas-lift gas 

Atmospheric oxygen intrusion 

Unspent acid from acidizing operations 
Erosion sand and fluid 

Instrumentation damage. 


NDA & DO 


Table II, showing the results the aforemen- 
tioned subcommittee survey, indicates stray currents 
and aggressive fresh waters have been the most 
frequent cause failure the 123 
with acid gas vapor zone attack not far behind. More 
recent developments indicate bacterial corrosion may 
far more significant causative factor than origi- 
nally thought. Hadley* was among the early pioneers 
recognizing the significance microbiological 
corrosion. His works, well those Starkey and 
Wight* and Bastin provide thorough discus- 
sion the subject. view recent evidence the 
Ventura Field California, East Texas and the 
Colorado Field South Texas, the significance 
microbiological corrosion cannot underestimated. 


Preventive Measures 
Preventive measures most commonly practiced 
the present time are follows: 


The installation insulating flanges the well- 
head 
The use protective coatings 
The placement highly alkaline muds points 
possible known serious attack 
The placement gel-type materials inor- 
ganic organic nature 
The use volatile nonvolatile inhibitors where 
annulus seals means packers fluid can 
obtained 
Intermittent oil coverage 
The application cathodic protection. 


NO 


TABLE Failure 


Reported Cause of Failure Number Percent 
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Installation insulating flanges isolate the 
wellhead and subsurface equipment from the 


line eliminate surface stray currents has been 
effective many fields. Hammond and 
port remarkable reduction the number 
Loudon while another operator’ reports 


the Talco and Tomball fields. This measure less 


effective where soil resistivities are extremely 


electrolysis the result subsurface 


The use protective coatings has been 


little consideration because the obvious difficulties 
application pipe place and the possibility 


mechanical damage the coating when installing 
new pipe. Evaluation would also present 


problem. 


Placement highly alkaline drilling fluids 
type materials has been reported number 
fields. One operator reports the pumping 
alkaline “red” mud into the annulus number 


wells the East Texas Field. This measure will 


discussed length below. This presents 


however, involving 


possible collapse casing since the condition 


the casing unknown, and 


the movement the displaced injected 


the proper location. 


Another operator reports laboratory investigations 


terv 
elec 
line 
the 

the 

isa 

cons 
cathe 


grap 


East 


indicate that the organic gel-type materials com 


mercially available present provide excellent 
culture medium for bacterial growth. 


Setting packers and loading the annulus 
alkaline fresh-water muds nonvolatile 


crude oil one the most widely practiced 
measures eliminate internal vapor fluid zone 


attack from acid gases and waters. 


effective and fairly positive solution the 


remain the well. The intermittent 
lubrication such inhibitors into the annulus 


pumping wells also widely practiced and effective 


The use volatile inhibitors such 
ammonia the annulus wells having fluid seal 
shows promise but details lubrication need 
worked out. 


The use cathodic protection control 


operators the present time. One operator 


its application the use magnesium anodes 
some 225 wells one field the West 
and several operators are experimenting with 
the East Texas Field. There considerable 
the maximum depth which such 
are effective since the operator has little control 
variable formation resistivities. However, one 


ator has reported results indicate cathodic 
densities 0.03 milliampere per square 


rectifiers galvanic anodes may used the 
source direct 


The casing potential log has been used 
ber operators study surface 
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logs presently used are the single and multi- 


1953 


wells and investigate the effect the 


plication cathodic protection the wellhead. 


ple electrode types. The former consists single 


run standard electric logging cable. 


instrument gives continuous log casing 


with respect wellhead potential or, 


more commonly used, readings may made in- 


and the data plotted for interpretation. The 


latter multiple electrode method involves the 
measurement potential difference between two 
fixed distances apart. Current practice 
with this instrument also involves the use interval 


Readings may obtained with the flow 


the effect surface and subsurface currents. While 
the relative merits the two types instruments 
isamatter considerable debate both obtain results 


when properly interpreted, are believed 


value the study the application 
protection casing strings. 


Problem Areas 
studies have indicated five general geo- 


areas where casing corrosion matter 


more than general concern. They are follows: 


Surface 

Area Attacked Causative Agent 

East Texas External Corrosive fresh water 
and bacterial attack 
West Texas-New Internal Vapor zone attacked 
acidic gases 
Arkansas Internal Vapor zone attacked 
acidic gases 
Kansas External Contact with Dakota 
water sand 

California External Bacterial attack 


magnitude. The West Texas-New Mexico and the 
Magnolia, Arkansas, areas present very similar prob- 


involving sour crudes, while the other three 


present widely different characteristics. 


Fast Texas Area 
recent survey the East Texas Field showed 


percent all casing failures which the depths 
failure were known occurred above 400 feet and 
percent between 200 and 325 feet. The most seri- 


feet. Although there some disagreement among 


operators the most significant causative 
corrosive fresh water sand known exist 


the major portion the field depth 150 
300 feet. This water contains approximately 100 


TABLE 


Analysis Water from Ida Lease Water Well 
East Texas County—Depth 140-180 


Parts Per Parts Per 
Million Constituents Million 
| pH = 5.9 
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parts per million total solids, relatively high iron 
and carbon dioxide contents and has value 
immediately after being produced the sur- 
face. representative analysis the water pre- 
sented Table 


addition, ferrous sulfide slime has been ob- 
the affected areas failed pipe, indicating 
bacterial action. Flow line current surveys and cas- 
ing potential logs have not been conclusive the 
presence absence surface and subsurface cur- 
single causative factor would result oversimplifi- 
cation. quite likely that all three factors are 
involved. 


Repair has involved setting packers, squeeze ce- 
menting, cutting and pulling the casing and replac- 
ing the use the casing and the running 
inside liners where casing size limitations per- 
mitted. 


the assumption that the corrosion can 
arrested isolation the casing from contact with 
the corrosive fresh waters, one operator has placed 
highly alkaline mud behind the casing five wells 
depth below the zone where the leaks normally 
occur. This should also prevent bacterial attack. 
evaluate the effectiveness this method control, 
the wells were selected areas where numerous 
casing leaks have occurred and when two are aban- 
doned the near future, the casing will recovered 
and inspected. The principal operational problem 
observed the placement mud the wells has 
been the difficulty experienced pumping 
depth sufficient provide protection from corro- 
sion throughout the interval susceptible casing 
leaks. small rotary pump capable pumping 
against head 150 pounds per square inch was 
used pump the mud behind the casing, displacing 
the existing well fluids the formation. those 
instances which this pressure was insufficient 
pump the mud behind the casing, tubing packer 
was set the well and balance pressure applied 
prevent collapse the casing the mud was 
placed with reciprocating pump. While sufficient 
pressure could obtained this manner, loss 
mud shallow formations prevented from reach- 
ing the desired depth two jobs. Jelflake was used 
attempt prevent this loss mud but was 
not completely effective. future jobs planned 
that other lost circulation materials will tested. 
This operator has estimated that least 750, 
approximately percent, its wells will develop 
casing leaks before the reservoir depleted. 
repair this number casing leaks using patch tools 
—the most satisfactory method present—would 
cost approximately $3,225,000. Treating the wells 
placing the highly alkaline mud behind the casing 
can accomplished cost $200 per well so, 
even necessary treat many 1500 wells 
insure full coverage the area where casing leaks 
are most likely, the total cost would only $300,000. 
Procedure used five jobs performed date in- 
cluded tracing the mud pumped behind the 
casing with radioactive tracer and gamma ray log- 
ging instrument. Consequently, the cost these 
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experimental jobs has been higher than future jobs. 
The first five jobs cost approximately $700 per well. 
Cathodic protection receiving serious considera- 
tion number operators the area possi- 
ble preventive measure. Initial installations are now 
being made and will watched with interest. 


West Texas-New Mexico 

Casing failures became widespread the West 
Texas-New Mexico areas recent years that both 
the production operator and state regulatory bodies 
have become quite concerned. Investigations dis- 
closed that casing failures were widespread the 
Wasson, Slaughter, Seminole, Levelland, Means, 
Hobbs and Adair fields. Production many wells 
these fields limited capacity, any down- 
time results loss oil. One company estimated, 
the basis repair and workover experience, that 
excess $5,000,000 would spent its wells 
alone preventive measures were adopted. Co- 
operative study the producing companies elimi- 
nated galvanic action the major cause failure. 
Correlation external pit depth versus casing po- 
tential logs indicated excellent agreement that 
most subsurface currents were shown leave the 
casing immediately below the surface string setting 
but case complete perforation those areas 
was observed. fact, the majority casing strings 
which have been pulled have shown little evidence 
external attack. With the possible exception 
one field the area evidence bacterial attack 
has been observed. Casing caliper surveys and visual 
inspection pipe recovered have demonstrated that 
predominantly all attack confined the vapor 
space the wells. thought that corrosion results 
from condensation moisture the cool wall 
the casing opposite water sands the presence 
the acidic gases, carbon dioxide and hydrogen sul- 
fide. The acidity the condensed water believed 
function the acid gas concentrations and the 
total pressure the annular space. Several major 
operators are attempting correlate acid gas pres- 
sure history and corrosion damage wells this 
area. Preliminary work has been encouraging and 
possibly suitable basis for specification cor- 
rosion preventive program may result. 

The most widely accepted program prevention 
the present time involves the setting tubing 
packers and the loading the annulus with water- 
free crude oil containing one two gallons in- 
hibitor per 100 barrels oil. second method which 
shows promise the lubrication volatile inhibi- 
tors such anhydrous aqueous ammonia into 
the annulus those wells which there fluid 
seal. One operator has reported the presence 
ammonia vapor the annular space nine 
months after batch lubrication the chemical. 


TABLE Repair 


| Number | Percent 
Squeeze cement........ 73 | 60 
Tubing packer...... | 10 | 8 
Inside liner... .. 15 | 12 
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Sept 
The continuous and intermittent lubrication aq. 
sorptive- and wetting-type inhibitors practiced 
some operators pumping and gas-lift This 
method has the advantage providing 
both the casing and the tubing but there 
ready means determining the degree protection 
obtained this the volatile inhibitor other sive 
fuilure records, slow and time-consuming fact 
Repair failures accomplished one three tain 
methods: 
squeezing the leak with cement plastic. 
setting inner string smaller diameter 
pipe, 
cutting and pulling the corroded section 
ing and rerunning new section and attaching 
the old string means casing bowl exist 
patch. 
Othe 
The first the most generally practiced procedure, 
although due the poor condition the pipe, 
tional holes may created the application 
pressure. The setting inside string casing 
often impossible many wells because was 
nally cased with pipe, the smallest practical 
size which normal production operations can 
obtained. The third method somewhat hazardous 
because the original abnormal well bore 
ment through the thick salt section prevalent the 
Permian Basin area. many instances pump 
ances were made for this enlargement the original 
calculations cement requirements for setting in- 
termediate and oil strings; consequently, many 
these strings remain place under varying degrees the 
tension and compression without horizontal sup 
port through much the salt section. Casing 
occurring the enlarged bore through this section, 
resulting complete severance the casing, 
result complete misalignment the free end 
the pipe when the tubing pulled. this event, 
permits, indicated. Normally, however, repair that 
accomplished the setting inner strings 
cementing the surface. 
The average cost setting packer wells 
the area $1000, while cost repair 
failure averages $25,000 unless complications 
Casing failures the Magnolia, Arkansas, sow 
crude area are very similar those the 
Texas-New Mexico area and have been thoroughly 
discussed Bailey and Crowell. 
the Kansas and Illinois area, 
have been abnormally high under two particular att 
ditions. Numerous failures have occurred, 
West Texas-New Mexico area, from internal 
acid gas the vapor zone the 
number failures have occurred rather shallow abc 
aggressive waters the Dakota sand section the 
Trapp, Dorr, Kreuger and Morel fields. These fail: bas 
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are usually repaired squeezing cement 


California 
and have fully described failures 
Ventura Field California, and, after exten- 
investigation and elimination other causative 
factors, attribute failure bacterial corrosion. Cer- 
species bacteria, presumably the sulfate- 
variety, have been isolated the corrosion 
products contact with the casing. Since highly 
environments are known stifle bacterial 
the use highly alkaline muds the drill- 
ing all new wells was adopted standard practice 
prevent future failures. This does not provide 
the prevention bacterial corrosion 
wells, however. 


Areas 
One operator has recently reported abnormal 
casing failures the Colorado Field 
Hogg County the lower Texas-Gulf Coast 
area, Which believed add additional significance 
importance microbiological corrosion. This 
was discovered 1939 and produces from the 
Cockfield sand depth approximately 3200 
solution gas-drive sand and produces 
sweet crude degrees API gravity with little 
salt water. This particular company operates 118 
pumping wells the field and pilot water flood 


project has been initiated the southern portion 
the field. 


Most the wells the field were completed 
time when steel was very short, but the follow- 
typical casing program: 1034-inch 32.75- 
pound first-class lapweld casing set 112 feet with 
veld casing set 3070 feet with 125 sacks. 

date nine casing failures have occurred 
1450 1550 feet, leading one suspect 
the were opening up. Flow line cur- 
surveys and casing potential logs ruled out the 


recent abandonment one the wells, 
was made recover the casing depth 
1600 feet for examination. Unfortunately, only 
1128 feet (28 joints) was recovered, the top 1050 
which was pulled dry. The casing was 
new condition internally. Externally, ex- 
for the first four joints, was covered with 
dry thick cake greenish-black slime 
which ferrous sulfide was present and the pres- 
sulfate-reducing bacteria was confirmed 
Figure Subsequent laboratory examina- 
out the possibility attack along the lap- 
this particular pipe proved seamless. 

attack appeared increase with depth 
about three five feet from the pin end attack 
the form circumferential bands approxi- 
basis these facts, these failures have been 
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Figure 


Figure 


attributed bacterial attack. This operator antici- 
pates experimental work the injection highly 
alkaline fluids between the surface string and oil 
string annulus. 


Repair Procedures 


Repair procedures have been discussed con- 
nection with areal problems; however, brief ex- 
planation these techniques believed desirable. 
The most commonly practiced procedures are: 

The setting tubing packer 

The setting inside liner 

The placement cement squeezing 

The cutting and removal damaged casing and 
replacement means casing bowl assembly. 


The setting tubing packer below the point 
leakage the casing the most economical method 
correcting casing failure. Unless complications 
arise, can normally accomplished for $1000 per 
well less. However, this generally considered 
the least satisfactory method except for temporary 
repair. The point failure not sealed and corro- 
sive fluids are admitted the annulus attack the 
tubing and packer element which frequently leaks 
and admits the formation fluids the producing 
well bore. This method seldom approved state 
regulatory bodies. 

Setting inside liner total depth prac- 
ticed certain areas where original casing size will 
permit. Unfortunately, casing was set 
many wells the production string, which obvi- 
ously does not allow the later setting inner 
string practical size. The setting flush 
joint liner such casing the smallest size avail- 
able through which normal production operations 
now practiced may conducted. The cost run- 


; 
| 
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ning inside liner varies, course, with depth and 
availability steel but may cost anywhere from 
$5000 $35,000. More recently the setting partial 
liner strings has been practiced seal leaks but the 
cost such operations frequently approaches the 
cost setting liner total depth. 

Cementing casing leak squeeze methods 
merely involves the placement cement the point 
failure method which restricts its application 
certain portion the formation and, the 
application pressure, the cement driven into the 
point failure and into the formation. Thus, the 
failed portion casing surrounded sheath 
cement. This the most frequently used and suc- 
cessful method repair and usually accomplished 
cost $3500 $7500, depending upon the 
number stages required obtain shut-off. 

Replacement damaged casing with new pipe 
using the casing bowl patch tool assembly in- 
volves setting plug below the point failure, 
mechanical cutting the casing below the point 
damage, its recovery and the rerunning new pipe 
with the patch tool designed locate and slip over 
the remaining portion the casing the hole. 
seal between the new and old casing members 
made means casing slip and pack-off element, 
which leaves the casing without internal obstruction 
for future production operations. This method pre- 
ferred some operators though slightly more ex- 
pensive than squeeze cementing because more 


positive repair obtained. This the only method 


which permits recovery the corroded casing for 
visual examination. The cost such repair again 
varies with the depth the leak but currently re- 
pairs are being made the East Texas Field 
several operators costs $3750 $4300, exclu- 
sive the pipe used. 


Suggested Procedures Prevent Failures 


Certainly, casing corrosion must examined from 
the standpoint well control and safety with due 
consideration for the economics involved. Every 
effort should made detect casing leaks early 
the life field and adopt corrective pre- 
ventive measures before existing metal lost. For 
the benefit the practicing corrosion engineer who 
confronted with the problem casing corrosion, 
the following suggestions are offered. 


Evaluate the corrosive characteristics new fields 
early the life the field order that suitable 
mud and cementing programs, from corrosion 
standpoint, can adopted. 

Install insulating flanges the flow lines all 
new wells completed producers unless previous 
surveys that field have indicated such flanges 
are unnecessary. 
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Install insulating flanges all wells old fields 
which flow line current surveys and the 
ing reserves the field indicate such action 
economical. 

casing recovered from areas where 
failures have occurred, have qualified 
engineer present examine the casing the well 
site immediately following its recovery from the 
well bore. 

Make full use volatile and nonvolatile inhibitors 
wells known corrosive. 

Examine all recovered subsurface equipment 
oughly for corrosion and maintain complete de. 
scription and cost data damaged equipment, 
Eliminate the use perforated tubing, couplings 
and orifice buttons means protection 
every instance possible. Consideration should 
given the incorporation reverse check valves 

all gas-lift valves. 


Conclusions 

The seriousness the problem corrosion 
production string casing oil and gas wells has only 
recently been recognized. The causes corrosion 
failure can recognized most cases thorough 
study the environmental factors. Adequate “tools” 
are available for studying the casing corrosion prob- 
lem except for the lack proved device for de- 
termining the condition the outside the casing 
place. Certain corrosion preventive measures ap- 
parently have minimized losses many These 
measures include appropriately planned mud and 
cementing programs, the use inhibitors for pro- 


tecting the inside casing and the use insulating 
flanges minimize the flow surface electric 


rents. Obviously, much work remains done 


the application cathodic protection and the 
ment highly alkaline fluids preventive 
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Nature Problem 


NTERNAL casing corrosion the upper gas- 
portion the tubing-casing annulus was 
frst noted the Shell Oil Company the West 
Mexico area December, 1945. The 
frst casing failure resulting from this cause was dis- 
covered when the course workover operations 
Hobbs Field well severe corrosion was found 
the exterior the tubing string. Further investiga- 
tion revealed internal casing corrosion and failures. 
the company’s remaining wells the 
feld casing failures three other wells. 
surveys were conducted the Wasson 
Field shorily after the discovery this problem 
the Hobbs Field, casing corrosion damage was 
noted. Three years later, however, was discovered 
that severe corrosion this type was occurring 
the Field, indicating that the earlier surveys 
had either been conducted before casing damage was 
appreciable the detection methods used were in- 
adequate. Since 1948, when internal casing corrosion 
was found the Wasson Field, this type cor- 
has been detected many other fields the 
West Texas-New Mexico area. Fields which such 
corrosion has been found include Hobbs, Wasson, 
Eunice, Monument, Slaughter, Monahans, and 
Goldsmith. 

Corrosion failures oil well casing these fields 


nearly every case presented troublesome and 


expensive problems. The casing corrosion problem 
the Wasson Field illustrates its nature and se- 
verity. Based data from operations the field, 
estimated that casing failures have occurred 
approximately seventy the 1700 wells during 
years after 1938 when development the 
feld began, 1953. Casing repair operations have 
cost from $3000 $40,000 per well, probably averag- 


ing $20,000 each. Thus, the minimum losses resulting 


casing failures the Wasson Field amount 


about $1,400,000 the cost casing repairs. 
corrosion not controlled, this expense will con- 
greater during the remaining 40-year 
field life, because the frequency casing 
rapidly increasing. graph (Figure 
showing the increasing frequency casing failures 
Shell’s Wasson Field wells before control measures 


Large losses were incurred result some 
failures when attempted repair operations 
unsuccessful and the wells were abandoned and 


applied, illustrates this point. 


other cases gas and oil escaped through 


na ition Supplementing the information in the paper Corrosion 

premmneet in Oil and Gas Wells by Jack L. Battle and like it 

en ed at the Ninth Annual Conference, National Association of 
osion sineers, Chicago, March 16-20, 1953. 
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Abstract 


Internal casing corrosion the upper gas-filled por- 
tion the tubing-casing annulus costly and 
widespread problem the West Texas-New Mexico 
area. Severity the problem illustrated ex- 
periences the Wasson Field where estimated 
$1,400,000 was spent casing repairs during the first 
fifteen years after development the field and other 
large losses occurred which could not estimated. 
This problem also has been detected least six 
other large fields the area. 

believed that corrosion results 
condensation moisture the casing interior and 
subsequent absorption acid gases. All findings 
date substantiate this theory. 

Corrosion this type being controlled pack- 
ing off and filling the tubing-casing annulus with 
noncorrosive fiuid, thereby excluding the corrosive 
gases and protecting the casing from future failures. 
Application this protective measure costs about 
$1200 per well compared the $3000 $40,000 
expenditure for repair operations the event 
casing failure. Other promising protective measures, 
which would more easily applied and less costly 
effective, are currently being tested. 


casing failures into shallow “thief” formation and 
resulted lost reserves and dissipated reservoir 
energy. This escaping gas also pressured the shallow 
formation and caused hazardous drilling the area. 
least one known “blow-out” resulted from this 
well being drilled. 


CUMULATIVE NUMBER OF CASING FAILURES 


nm 


1948 1949 1950 1951 1952 
YEAR 
1—Casing failure frequency the Wasson Field, Texas. 
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such caving formations, stuck casing and 
“fishing” jobs. The average cost replacing the anot 
upper 2500 feet casing Wasson Field wells casi 
this method has been about $30,000 each. 
have the advantages providing lasting repair 
maintaining the original diameter the casing String 
and because this latter advantage has been 
used repairing numerous wells equipped with curr 
small diameter casing strings. 
Casing repair squeeze cementing usually 
been less expensive than the replacement method 
costing average about $12,000 each. This dam 
Namely, when this repair method used the 
corroded casing left the hole and provides 
merous weak points where additional casing failures 
might develop. doubted, too, that the squeeze 
cement repairs will hold until well depletion large 
reserve and long producing wells such those 
the Wasson Field. addition, attempted repairs 
this method occasionally have collapsed corroded 
well casing and necessitated redrilling the tion 
wate 
Corrosion Detection Methods tion 
Internal casing corrosion has been 
such methods calipering the casing 
ally examining pulled casing strings, pressure test- 
ing, analyzing casing gas, visually examining tubing with 
strings and checking for gas oil pressure around whe 
the outside the casing. The casing caliper survey dens 
probably has been the most useful detection method even 
because its relative low cost, ease application 
and abundance information. Numerous survey 
Figure 2—Casing caliper survey Wasson Field well. this type have been made the fields experiencing 
internal casing corrosion. caliper survey (Figure 
Even though casing corrosion problems made casing string the Wasson 
other fields mentioned apparently are less severe illustrates the amount 
than that the Wasson Field, economic losses garding the severe corrosion found the 


these fields nevertheless have been appreciable. gas-filled portion the string. 


Casing Repair Methods 


Repair casing failures has been effected Visual examination pulled casing has 


second method obtaining information. However, 

running and cementing inner string this method generally possible only when wel 
pulling and replacing the corroded portion placement method. Examinations casing 
string, from the Wasson and Monument Fields 
these, the first method probably made the cheapest Figures and 
and most lasting repair. 5000-foot Wasson Field Analyses casing gas have been used quite 
wells, casing repairs this method have cost method predicting the possible 
average about $11,000 each when second hand internal casing corrosion, This method extremely there 
casing was used. Principal disadvantage this type low cost and easily applied but provides the 
repair has been the resulting reduction casing indication that corrosion may may not 
string diameter which limits the size the tubing Analyses casing gas many the 
string that can installed the well. cases experiencing internal casing corrosion revealed 
where wells were completed initially with small di- centrations acid gases (hydrogen sulfide 
ameter casing strings this disadvantage alone has carbon dioxide) the order percent. 
ruled out its use. pressures these gases the casing ranged from the 
Casing repair the replacement method generally 100 psi. the Wasson Field the gas 
has been the most expensive the three methods. Its approximately percent carbon and 
high cost has resulted primarily from workover percent hydrogen sulfide. the Monument 
rig time consumed cutting off the corroded portion Fields these about 
casing string and removing sections. percent carbon dioxide and 

Many difficulties were encountered this operation, 
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Visual examination tubing strings has provided 
source information regarding internal 
corrosion. However, tubing examinations have 
very misleading when this detection method 
was used. Examinations numerous tubing 


string strings pulled the Wasson, Monument and Eunice 
been Fields revealed that external tubing corrosion oc- 


curred only few cases. many cases where the 
well was badly corroded the tubing was 
excellent condition. the few cases where cor- 
damage was found tubing string, this 
was very localized, occurring the exterior 
few collars and tubing upsets. The cor- 
the tubing upsets was usually the form 


des located just beneath the top edge the 
failures photograph (Figure tubing pulled 
Wasson Field well illustrates the nature 


large this attack. 


hose 


airs Mechanisms Corrosion 
believed that corrosion the gas-filled por- 
ell. tion the casing results from the condensation 


water the steel surfaces and subsequent absorp- 
tion carbon dioxide and hydrogen sulfide gases 
form acid solution. The water vapor condenses 
the inside the casing the upper portion the 
string because the upper formations contact 
with the casing are cooler than the lower formations 

where the water vaporized. Enough water con- 
even though they produced percent less water. 
Laboratory analyses corrosion product taken from 


test- 
tubing 
around 
survey 
method 
lication 


TABLE 
ded 
Inorganic contaminants 
been 100% 
wel string the Wasson Field showed that 
the this product consisted percent iron carbonate 
pulled and percent iron sulfide (Table I). These data 
evealed the postulated corrosion mechanism. 
ated small amount organic acidity was also found, 
the possibility that volatile organic acids, 
have participated the corrosion reaction. The 
amount free sulfur and sulfate ions found 
probably resulted from oxidation during sampling and 
therefore may not indicative any oxygen effect 
this type corrosive environment tubing often- 
and experience severe internal casing corrosion, 
though both these surfaces are exposed 
the same gas. believed this due differences 
the tubing exterior and casing in- 
First, tubing strings are often thoroughly 
out the exterior with grease and oil, which 
orm protective film. Second, tubing tem- 


are generally higher than casing tempera- 
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Figure 5—External corrosion tubing. 


tures because the produced fluids flow through the 
tubing and warm it. This difference tubing and 
casing temperatures favors condensation water 
the cooler casing surfaces. 

External tubing corrosion found occasion prob- 
ably resulted from mechanical contact between the: 
tubing and casing which allowed condensed water 
from the casing wet the tubing. Tubing collars 
corroded one side only, are further evidence 
supporting this belief. Condensed water from the 
casing probably collected around the top edge 
some the tubing collars and caused the ring type 
corrosion damage illustrated Figure 


Corrosion Control Methods 

The commonly used and only proved method 
combatting internal corrosion the gas-filled por- 
tion casing strings has been pack off the tubing- 


Figure 3—Internal casing corrosion collar. 
Figure 4—Internal casing corrosion the pipe body. 
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casing annulus just above the producing formation 
and fill this annulus with noncorrosive fluid, which 
most cases has been inhibited crude oil mud. 
this manner the corrosive acid gases are excluded 
from the casing. Some corrosive wells the West 
Texas-New Mexico area have been packed off and 
protected this manner for the past seven years 
and have experienced further corrosion damage. 
Experiences the Wasson Field, where the cost 
this control method has averaged about $1200 per 
well, illustrate the economics this method. Here 
the corrosion control cost only percent the 
cost repairing typical casing failure. Shell Oil 
Company recently completed program 
Wasson Field whereby nearly all their wells were 
protected this manner and was estimated that 
the program would save $2,000,000 $3,000,000 
the cost casing repairs alone during the remaining 
40-year life the field. all factors, such 
lost reserves, dissipated reservoir energy and un- 
successful repair operations could have been evalu- 
ated, the program would have shown substantially 


greater savings. 
Other promising control methods are being tested 
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currently but sufficient data have not yet been 
lected determine their effectiveness 
Two these control methods, inhibiting the casing 
gas with volatile inhibitors (ammonia) 
odically wetting the interior the casing 
ing with inhibited crude oil, are much more 
applied than the pack-off method and probably 
much less costly they prove effective, 
viously, there great need for such 
and easily applied control measures these, because 
the annulus pack-off method relatively 
pensive and necessitates “killing” the well and its use 
therefore often limited the better wells. 
ever, either the methods under test prove 
tive could conceivably used both long pro- 
ducing and marginal producing wells. 
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PROBLEM designing current-carrying 
conductors between cathodic protection rectifiers 
and ground beds underground structures one 
which has received too little attention the past 
among corrosion engineers. This article attempts 
outline the considerations involved and point out, 
particular, the economic implications cable 
design. 
Basic factors design are: 
Ability meet mechanical stresses and other en- 
vironmental requirements. 
Ability meet voltage attenuation limits. 
Ability the insulation withstand applied 
voltages. 
meet limitations current due tem- 
perature and insulation stability. 
Conformance Kelvin’s Economic Law. 
Conformance legal codes, safety rules, and simi- 
lar requirements. 
These factors are taken separately show the 
relative importance each. 


Stresses and Environmental Requirements 


Most electric transmission line handbooks list me- 
chanical stress tables for cable spans, showing the 
length span permissible under various clearance 
requirements, materials, wind pressure, ice loading 
and similar factors. For the purposes this article 
will assumed that the overhead lines will 
checked for sag and stress prior construction and 
that the final choice material size will not 
depend upon mechanical requirements. Thus only 
steel reinforcing special material specifications. 

Normally overhead lines the low voltage 
are designed using bare copper cable, although 
cases codes and other considerations will 
dictate weatherproof wire, aluminum, other con- 
ductor materials. For underground lines, neoprene 
and rubber combinations currently are 
insulation material. The problem one 
chemical stability over long periods time exposed 
moisture and soils and the maintenance good 
msulating characteristics ‘indefinitely. Mechanical 

positive underground cables (attached 
rectifier), all splices and underground 
must very carefully insulated and must 


*A paper (elivered at the Ninth Annual Conference, National Asso- 


Corrosion Engineers, Chicago, March 16-20, 1953. 
Partment Electrical Engineering, University Urbana. 


Cable System Design 
For Cathodic Protection 


RAY WAINWRIGHT* 


Abstract 


The design any current-carrying cable system in- 
volves certain basic factors, which may listed 
briefly follows: 

Ability meet mechanical stresses and other en- 
vironmental requirements; Ability meet voltage 
attenuation limits; Ability the insulation 
withstand applied voltages; Ability meet limita- 
tions current due temperature and insulation 
stability; Conformance Kelvin’s Economic Law; 
Conformance legal codes, safety rules, and 
similar requirements. 

The importance each these factors dis- 
cussed the light cathodic protection require- 
ments and installations. Emphasis placed cable 
systems which connect the direct current output ter- 
minals the rectifier ground beds and the 
protected metal structures. 

Frequently engineers disregard one more the 
six factors designing protection cable 
connections. For example, the tendency design 
fit the current-carrying capacity cables set 
forth the various handbooks and neglect con- 
sideration Kelvin’s Law, which shows that the 
choice should toward much larger cables and 
lower current densities. Also because cables buried 
underground are subject concentrated electro- 
chemical attack the type insulation important. 
Ordinary insulations may not sufficient and nor- 
mal voltage ratings may unimportant. 

method determining annual fixed costs 
cables outlined and charts are given which enable 
the engineer balance fixed charges against cost 
losses and thus select the optimum cable size based 
economy. Consideration also given the effect 
the economic picture selecting cable sizes 
somewhat off the theoretical optimum. 


absolutely water-tight. The smallest pinhole 
the insulation will create anodic area the cable 
with resulting rapid corrosion the cable metal. 
Even asphaltic compounds tars have been found 
inadequate unless carefully applied. order pre- 
vent subsequent corrosion also essential 
obtain bond between the tarry compounds and the 
sheath material the cable. The use the newer 
pressure sensitive tape material shows promise for 
this application. 

The insulation splices and terminals the 
negative underground cable runs theoretically may 
poorer quality, because they will receive ca- 
thodic protection. However, since the cables will 
near the ground bed, the voltage will high with 
respect the surrounding soil and the resulting 
leakage current appreciable. low resistance soils 
this writer has noted leakage currents this type 
percent more rectifier output and be- 
lieves that general the negative cables should 
receive approximately the same insulation treatment 
the positive cables. 


the 


CORROSION 


TABLE Factors 
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Cost losses 100 feet copper cable one cent per kwhr. 


CURRENT AMPERES 


0.0562 0.257 0.506 0.900 1.40 2.03 2.76 5.62 


Factors 


(15% initial cost) 


Equivalent annual cost 100 feet copper cable 


TABLE Work Sheet 


$0.30 Base Price $0.35 Base Price $0.40 Base Price 500 ft. 
4.21 
250 4.11 3.82 4.69 4.40 5.26 4.98 12.90 
4.92 4.58 5.61 5.27 6.30 5.97 
6.98 


7.96 


Instructions the Use Tables II, III 
1. Determine: 

a) Length of cable run, feet. 

b) Cost of power to rectifier in cents/kwhr. 

c) Rectifier efficiency in percent. 

d) Current to be carried by the cable, amperes. 


2. Determine: 


CABLE 

23.95 

2/0 9.40 14.00 23.40 


300 
400 3.16 42.00 


2.11 


3. From Table I select the column of factors for the proper 


current. 


Multiply each M factor by Km and enter in column “V.” 


4. From Table II select the column of C factors for the p: 
price of copper and for the proper type of cable. Multi! 


factor by Ke and enter in column “F.” 


(feet cable) 


100 


cable size. 
6. 


Add columns “‘V” and “F”’ and enter the sum in column : 
minimum amount in column “T’’ will appear opposite the corre 


Plot a bar graph of T versus cable size to determine 


oper base 
iy each ¢ 


The 
t 


the variation of cost with size near the minimum cost point. 


Note; The M and C factors of Tables I and II are in dollars. 
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Ability Meet Voltage Attenuation Limits 


Ability meet voltage attenuation limits not 
ysually the design rectifier output 
cables, unless the cables are uncommonly small 
Enough voltage must available meet the 
requirements and this will variable for 
each location. The problem “low voltage” which 
may disastrous induction motors par- 
consequence cathodic protection work. 


The dielectric strength cable insulation for ca- 
protection application also small impor- 
tance. Most cable insulations are good for least 


600 volts and such limits are far beyond those re- 


quired cathodic protection. 


Meet Limitations Current Due 
and Insulation Stability 


Unless the rectifier output cables are run indoors 
the temperature the conductors not 
rule. Insulation stability can be, 
course, important, but should not difficult 
most installations keep cable temperatures below 
the manufacturers’ recommended levels. For most 
underground cables the watts loss per foot can usu- 
ally radiated the surrounding soil with ample 
margin safety. 


Conformance Kelvin’s Law 


Conformance Kelvin’s Economic Law proba- 
bly one the governing factors the design 
rectifier cables for cathodic protection, hence consid- 
erable space and discussion will given this factor. 

The law states that: The proper size cable 
that for which the cost losses equals the annual 
fixed charges. Another way stating the law is: 
The proper cable size one which makes the sum 
the annual cost losses and the annual fixed 
charges minimum. 

Annual cost loses may calculated from the 
relation 


where, dollars per year. 
the current amperes the cable. 
the resistance 100 feet cable. 
the cost power cents/kwhr. 
the efficiency the rectifier percent. 
the length cable feet. 


computational purposes Equation can 
into two parts, factors, thus 


Table shows the factors for various wire sizes 
and Various conductor currents. These factors may 
the annual cost losses, dollars, 
feet the cable question, with power 
the length the cable, the cost power 


CABLE SYSTEM DESIGN FOR RECTIFIERS 


120 


($) 
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Figure 1—Cost versus size. Curve cent, cents base. Curve 
cents, cents base. Curve cent, cents base. 


and the rectifier efficiency. The rectifier efficiency 
included since the power will metered the rec- 
tifier input and therefore the power supply cable 
losses will greater than the actual losses the 
cable itself. 

Table III shows column V’s for particular 
example 500 feet bare copper cable carrying 
amperes direct current with power charged 
cent/kwhr. 

The annual fixed charges cable may com- 
puted the relation: 


where dollars annual fixed charges. 
initial cost cable dollars per foot. 
The factor 0.15 represents estimate annual charges 
follows: 
0.02 depreciation 
0.06 interest 
0.04 taxes and insurance 
0.03 operation and 
Again for computational purposes, Equation 
has been broken down into 


r= K. 


Table the factors have been plotted for 
various sizes and types copper cables and give 
annual fixed charges for 100 feet cable run. Table 
shows factors for bare, waterproof and typical 
neoprene covered underground type cable. Costs 
are average delivered location not over 500 miles 
from the wire mills. Bare and weatherproof are 


100 
90 
8.93 
2.70 
2.37 
2.10 
1.35 
1.26 
q 0 
3.95 
3.40 
3.05 
).40 


shown for three different base prices copper. The 
base price copper for March, 1953, was approxi- 
mately $0.40 per pound. 

Table III the cost factors have been plotted 
for the previous example. The total cost, then 


computed 


T=F+V 
This cost shown graphically curve Figure 
with plotted against wire size. The proper size 
wire occurs the point least total cost. 
interesting note that the proper size cable may 
not critical the neighborhood the proper size. 
Curve shows the effect increasing the power cost 
cents/kwhr, and curve the effect lowering 
the base price copper $0.30 per pound. 

should noted that with rectifiers REA 
lines where power costs may range cents/ 
kwhr more the company operating the cathodic 
protection system, the size wire should far 
greater than one’s “intuition” would tell him, based 


usual electrical wiring experience, based 
handbook values current-carrying capacity. 
cent/kwhr would indicate 1/0 cable (for 
teet and amperes), cents/kwhr would indicate 
2/0, and cents/kwhr would indicate 4/0. 

Computations the more heavily insulated wires 
show reduced sizes compared bare cable 
for the same current and length, since fixed charges 
are greater proportion the total cost. 


Conformance Legal and Safety Rules 

most cases particular warnings are necessary 
here. The corrosion engineer must install his cables 
conform minimum clearance requirements, re- 
strictions pole climbing space and 
most cases must also have easements operate 
either overhead underground cables across private 
property. Fortunately the low voltages normally en- 
countered permit the cable runs legally 
ground wire and subject the same resirictions 
insulation and safety. 
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Some Notes the Oxidation Resistance 
Boron-Containing 
Chromium-Nickel-Cobalt-lron 


URING investigation series cast high 

temperature alloys containing boron was 
noted boron exerted adverse effect the 
oxidation resistance some the alloys considered. 
interest study the effect base com- 
position the oxidation characteristics boron- 
alloys. series alloys containing 
and percent chromium with various balances be- 
tween nickel, cobalt, iron, tungsten, molybdenum 
and boron were subjected oxidation tests air 
1650, and 2012 degrees The high tempera- 
tures served accelerate the tests and emphasized 
the effect boron which was not readily noticeable 
temperatures below 1650 degrees 

The specimens consisted cylinders approxi- 
mately inches long diameter, ma- 
chined from castings. The cylinders were held 
temperature electric furnace with free access 
toair. The tests 1650 and 1830 degrees were 
four weeks’ duration while the exposure 2012 de- 
grees was for one week. Weight loss rather than 
gain was measured because the tendency for these 
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scales freely exfoliate. The specimens were cleaned 
after exposure lightly sand blasting remove 
adherent portions the scale. 

Table lists the compositions the pertinent al- 
loys exposed and their oxidation rates for each tem- 
perature investigated. The alloys are grouped 
emphasize the effect certain elements. The Group 
indicate the effect both boron and 
Figure shows boron content versus oxidation rate 
for alloys 18% chromium, 15% tungsten, two 
cobalt levels and balance iron. The solid line repre- 
sents alloys containing 40% cobalt and the broken 
line those alloys containing 60% cobalt. The adverse 
both boron and cobalt emphasized the 
higher temperature. The data suggest the possibility 
relationship between boron content and 
oxidation rate the range studied. 

The adverse effect high iron contents the 
indicated Groups and III. (Table 
The oxidation rates, 2012 degrees the Group 
alloys versus their iron content shown Figure 
These alloys consisted 20% chromium 
20-35% cobalt, 0-20% nickel, molybdenum and 
The increase iron was largely the 


the nickel content. Boron contents ranged 
0.40 0.62% and are indicated for each point 
the curve the figures parentheses. The data 
indicate that above 31% iron severe loss oxida- 


be Paper dvlivered at the Ninth Annual Conference, National Asso- 
ation of Corrosion Engineers, Chicago, Ill., March 16-20, 1953. 


member ASM and NACE. 


Abstract 


During investigation series cast chromium- 
nickel-cobalt-iron alloys, became interest gain 
some indication the effect boron the oxida- 
tion resistance this family alloys. series 
alloys containing and percent chromium with 
various balances between nickel, cobalt, iron and 
boron were subjected oxidation tests air 
1650, 1830 and 2012 degrees Temperatures some- 
what above those encountered gas turbine applica- 
tions were chosen accelerate the attack since the 
effect boron was not readily noticeable tem- 
peratures below 1650 degrees 

Results this investigation indicate that iron and 
boron and, lesser extent, cobalt have adverse 
effect the oxidation resistance. Molybdenum 
strongly decreases the alloys’ resistance oxidation. 
X-ray diffraction work indicated that protective 
scales are not compatible with high boron contents, 
the balance the base alloy elements not con- 
trolled. Boron was found promote the formation 
complex spinel and wolframite type oxides. 

was concluded that while boron has adverse 
effect the oxidation resistance chromium- 
nickel-iron-cobalt alloys, boron-bearing alloys may 
designed which have oxidation resistance com- 
parable those without boron proper control 
composition, This may accomplished primarily 
keeping the iron content below percent, through the 
use tungsten rather than molybdenum strength- 
ening agent and avoiding excessive cobalt contents, 
largely through replacement with nickel. 
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TABLE Rates Boron-Containing Alloys 
: | | | | | 
— — — — —— 
After Hour Hours Exposure After 139 Hours Exposure 
Intensity Intensity 
Heat No. atio atio Ratio rem 
(18Cr-15W) spe 
| (Co,Fe)O-(Cr,Fe)203.. 30 Co (FCC Matrix)..... CrsOs.... 
K305 | Se (FCC (Co,Fe,Ni)O- “(CrFe)2 | “(Co,Fe,Ni)O- (Cr,Fe)2 in 
| & Co2O03....... 10 | 
«‘s (Poor 30 Cr203, NiO, MoOs.. Traces} .. Trace stat 
Base) Cr203, NiO, MoOs.. . Traces) | 
Note: The intensity ratios are intended rough indication the percent each oxide the Thy 
5. x s were obtained by comparing the height of the strongest line for a given oxide to the sum of the heights Z : ; 
‘ Oo of the strongest lines for each oxide. q with 
* Scale examined in situ. ‘ 
dom 
Somewhat lower iron contents are dealt tate 
the Group alloys. These alloys have base 
and 15% tungsten. Figure compares the 
tion resistance Group alloys. their iron content. Again the figures 
refer the boron content. Iron appears solely 
responsible for increasing the oxidation rate. 
tion resistance encountered. will noted that interesting note that presence iron 
the alloys above 31% iron contained from more detrimental than cobalt, since the lower 
those with less points represent 40% cobalt alloys while the 
iron alloy contained only 20% cobalt. The high 
each individual element could not resolved from 
indicated. All the specimens Group with oxidation rates the Group 
more than 31% iron oxidized completely less than siderably lower than those Group II. The 
the test duration. The approximate time for com- difference the absence mate 
plete oxidation was noted obtain rough value Group alloys. 


for the rates, shown. Molybdenum was found accelerate the 
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the complex, boron-bearing alloys, shown 
the Group alloys. The oxidation rates these 
20% chromium, 20% nickel, 20% cobalt, 
iron and 0.41 0.45% Boron alloys compared 
with the molybdenum-tungsten balance, Figure 
The substitution tungsten for molybdenum was 
found greatly increase the oxidation resistance 
of the alloy. 

X-ray diffraction study was made the scales 
formed the Group alloys, after exposure air 
2012 degrees for and 139 hours. The first 
alloys had similar bases, namely, 40% cobalt, 
iron, 18% chromium and 15% tungsten. 
Boron was the levels 0%, 0.62% and 1.31% 
K-112 and K-113 respectively. Two 
other alloys containing boron and representing good 
and poor composition design, were similarly ex- 
These were heat K-171, high iron alloy 
with and heat K-305, low iron alloy 
with molybdnum. Figure shows the five speci- 
mens after exposure 2012 degrees for hour. 
The constitution the scales formed the Group 

alloys indicated Table The lighter scales 
examined situ, while the heavier scales were 
removed and ground. Norelco spectrometer was 
for the diffraction work. The data for those 
specimens examined situ are preceded asterisks 
Table Some indication the extent which 
these scaled indicated the intensity 
reflections from the face-centered cubic cobalt matrix. 
The constituents are listed decreasing order 
intensity their reflection. general, the scales 
were found consist chromic oxide, complex 
tungstate the wolframite type and several 
simpler oxides. After one-hour exposure, the scale 
the alloy with boron (L-113) consisted largely 
chromic oxide, some spinel and trace cobalt 
monoxide. the boron content increased the 
spinel becomes predominant and the complex tung- 
state begins appear appreciable quantities, while 
the presence chromic oxide decreased. 

The effect time temperature the alloy scale 
with boron analogous the effect increasing 
boron content, just described. The spinel soon 
the scale and the formation the tung- 
increases with time while the simpler chromic 
oxide becomes minor constituent. This same trend 
followed the alloys containing boron (heats 
and K-113). apparent then, that boron 
not exert direct influence the constitution 
the formed the alloys considered rather, 
influence the rate formation certain 
the constituents. Primarily, the boron effect 
accelerate the formation complex spinels, the 
the more protective chromic oxide and 
promote the formation the wolframite type 
This effect obtained without concentra- 
boron the scale since chemicai analyses 
the one-hour scales heats K-112 and K-113 showed 
the mately the same level the alloys. The boron 
may related its slagging powers 
oxide. The scales formed the high boron alloy 
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OXIDATION RESISTANCE BORON-CONTAINING ALLOYS 


© 


OXIDATION RATE 


Figure 3—The influence iron the oxidation resistance Group 
alloys. 


MOLYBDENUM 


TUNGSTEN 


Figure 4—The effect substitution tungsten for molybdenum the 
oxidation resistance Group alloys. 


had distinctly glassy wet appearance contrast 
the dry appearance those with boron. 

The comparison good base composition design 
with poor base design again emphasized the in- 
ability spinel type oxide inhibit the rate 
oxidation these alloys. The good base design (heat 
K-305) contained 0.38% boron yet showed high 
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Effect varying 
boron 
40Co-18Cr-15W-bal 
base 


Effect base design 
boron-containing 
alloys 


(4) (5) 


Figure 5—Oxidation characteristics some high temperature boron- 
containing alloys. (1) 1113, (2) 112, 0.62 (3) 113, 1.31 
(4) Poor base, 0.47 (5) Improved base, 0.38 


chromic oxide content the one-hour scale and 
with time followed the general pattern the no- 
boron alloy, L-113. The poor base resign, (heat 
K-171) containing 0.47% boron, had preponderance 
spinel its one-hour scale and the scale was 
essentially all spinel after the 18-hour exposure. 
Molybdenum oxides formed from this alloy prob- 
ably volatilized rapidly the temperature involved. 

The five alloys were also checked metallographi- 
cally, after two-hour exposure 2012 degrees 


intergranular oxidation was apparent. Some the 
alloys exhibited sub-surface oxidation, notably heat 
K-112. While the sub-surface oxidation was more 
prevalent the grain boundary areas, also 
curred generally and the oxidized areas the grain 
boundaries were about the same distance from the 
metal surface were those within the grains. 

From the foregoing, may concluded that while 
boron has adverse effect the oxidation 
tance alloys, boron- 
bearing alloys may designed which have usable 
oxidation resistance proper control 
tion. This may accomplished primarily keeping 
the iron content below 6%, through the use 
sten rather than molybdenum strengthening 
agent and avoiding excessive cobalt content, 
largely replacement with nickel. Such de- 
signs are believed increase oxidation resistance 
promoting the presence the protective type 
oxide and inhibiting the formation complex 
spinels 


NACE Practice Reprinting Technical Material 


Requests for prices reprinting material appearing 
CORROSION should addressed National Asso- 
ciation Corrosion Engineers, 1061 Building, 
Houston Texas. Prices usually cannot given until 
after articles have appeared CORROSION although 
requests for prices may submitted any time. Type 
from which technical articles are printed kept stand- 
ing for days after date issue, and reprints ordered 
during that interval will from standing type. For 
reprints ordered after expiration this period, write 
for details. Single copies reprints material from 
CORROSION are listed advertisements appearing 


many issues. Usually single copies may obtained only 
the form tear sheets, whole copies the issue 
which the article appears. 

Permission reprint articles usually given 
responsible firms and individuals who wish have the 
work done themselves. NACE requires, however, that 
proper credit given CORROSION appropriate 
place all reprint material. The also 
requests that reprint style closely conform that 
approved its board keeping with the aims 
and objectives the association and that copies 
reprints made under this authority are supplied NACE 
for recording purposes. 
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Hydrogen Blistering Steel Hydrogen 
Bonner and Burnham. CORROSION, Vol. 
No. 163-172 (1953) May. 


Remarks Harry Gordon Bennett, British American 
Oil Company, Toronto, Canada: 


What the ratio the formation HCN when using 
natural compared formation using syn- 
thetic catalyst? has appeared from talking 
operators catalytic cracking units that oc- 
currence hydrogen attack more pronounced 
those operating natural catalyst. under- 
stand formation HCN greater with natural cata- 
lyst than with synthetic. 


Reply William Bonner, Shell Oil Company, 
Wood River, 


Hydrogen cyanide production when using natural 
catalyst approximately twice that obtained when 
using synthetic catalyst normal catalytic cracking 


Question Donald Burns, 4545 Hollywood Drive. 
Port Arthur, Texas: 


Does the author have information the quantity 
water used per MCF gas processed water-wash- 
ing the gas reduce hydrogen penetration? 


Reply Skei: 


Extensive water washing the gas stream from 
catalytic cracking operations was applied tem- 
porary relief measure and gave substantial reduction 
frequency and severity hydrogen blistering. 
Water injection rate during this treatment was 13,800 
gallons per MCF gas processed. 


Anonymous 


you know hydrogen blistering occurring 
reforming process 1025 degrees and 
psi? 


Reply Lewis Wright, 1409 Winchester, Ash- 
land, Ky.: 


high temperature (1035 degree transfer line 
blistered during operation after pressure was released 
ona thermal reforming unit from 700 165 psi. Blis- 
penetrated wall thickness 4-inch Sch. pipe 


inside radius 4-foot bend approximately 
feet from back pressure control valve. Blisters were 
diameter and filled with coke. 

Pipe wall was bulged inward well outward 
indicating typical hydrogen blistering. Metallurgical 
analyses the pipe after failure are follows: 


Carbon Recheck .205 
Mang. 

Phos. 

Sul. .022 

Sil. 

Cir. 

Ni+ 

Mo. .04 


* Recheck of carbon by drilling from center wall of pipe. 


The Amount and Distribution Corrosion. 
Annual Conference, National Association 
Corrosion Engineers, Chicago, March 16- 
20, 1953. Unpublished. 


Question Lee Elizer, P.O. Box 1284, Charlotte, 


What the effect ozone the adsorbed oxygen 
film black iron surface? 

This question was prompted the following ex- 
perience. For three years air washer operated with 
sign pitting. electrolytic precipitator was 
then installed 13,000 volts one set electrodes and 
23,000 volts the other. The airstream passed 
through the precipitator and then through the air 
washer. During the first few months operation 
there were signs pitting. Then there was long 
drought. Then tubercles high were observed 
over the floor the air washer. Under each yellow 
tubercle was pit and the metal was black and shiny. 
Thank you for any comments. 


Pitting under tubercles which form iron steel 
common experience and not necessarily con- 
nected with the formation ozone any other reac- 
tion products produced dust precipitator. 
other words, the tubercles may have formed they 
did after given time whether not the precipitator 
was use. Ozone and nitric acid produced high 
voltage dust precipitators accelerate general corrosion 
iron, but their effect rapidity tubercle forma- 
tion has not been studied, far know. 
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BOOKS, PAMPHLETS and REPRINTS 


BOOKS 


Joint Symposium 
Cathodic Protection 
Postpaid members ECS and 
all others, per copy........ 8.90 


Bibliographic Survey 
Corrosion, 1945 
Postpaid NACE members, 
4.00 
others, not NACE members, 
per 


Bibliographic Survey 
Corrosion, 1946-47 
Postpaid NACE members, 
others, not NACE members, 


1945 and 1946-47 
Bibliographies Combined 
Postpaid NACE 9.00 
others, not NACE 12.00 


BOOKLETS 


Control Pipe Line 
Per Copy, postpaid........... 


more copies one address, 
per copy, $1) 


Report the Correlating 
Committee Cathodic 


Protection 

100 copies, each........ 
More than 100 copies, 
Postpaid 


Symposium Sulfide 
Stress Corrosion 
Publication 52-3 
Per Copy, postpaid............ 1.00 
more copies one address, 
per copy, 50c) 


NACE Committee Directory 
Publication 52-2 
Per Copy, postpaid, 1.00 
(Non-members NACE, $2) 


MATERIAL CORROSION 


TECHNICAL REPORTS 


TP-3 First Interim Report Ground Anode Tests 


Publication 50-1 


Postpaid NACE members, per copy.................. 


others, not NACE members, per copy............... 5.00 
TP-2 First Interim Report Galvanic Anode Tests 


Publication 50-2 


Postpaid NACE members, per copy.................. 


others, not NACE members, per copy................. 5.00 


TP-1 Report the Field Testing Alloys 
the Flow Streams Seven Condensate Wells 


Publication 50-3 


Postpaid NACE members, per 
others, not NACE members, per copy................ 


Report TP-12 Electrical Grounding 


First Interim Report TP-6G Surface Preparation for Organic 


Coatings. Publication 50-5 


Second Interim Report TP-6G—Surface Preparation Steels 
for Organic and Other Coatings. Publication 53-1. Per Copy 1.00 
more copies one address, per copy, 50c) 


Report TP-5C Sub-Surface Corrosion Alkaline Solutions.* 
Corrosion Cracking Alkaline Solutions.” Publication 


Report TP-1 Sour Oil Well Corrosion, per 


Available only limited supply. 


REPRINTS 


Cathodic Protection and Pipe Lines 
Mitigation Corrosion City Gas Dis- 

tribution Systems Simpson, Jr. 
Paints and Coatings 


Gasoline Resistant Tank Coatings 
by 


Tests, Properties of Corrosion Preventive 
Lubricants for Lead Sheathed Cables in 
Underground Ducts—A_ Discussion by 
Howard S. Phelps and Frank Kahn.... 

Petroleum Production and Storage 

Corrosion Condensate and High Pres- 


The Use of Ammonia in Control of Vapor 
Zone Corrosion of Storage Tanks* by 

Miscellaneous 


Causes Corrosion Airplanes and Meth- 
ods of Prevention by N. H. Simpson... . 


Salt Spray Testing Bibliography by Lor- 


Why Metals Corrode by H. H. Uhlig...... 


Corrosion Control Wonder- 


Address Orders and Remittances 


SINGLE COPIES 


CORROSION 


Single copies Corrosion are available 
50c copy NACE members and 


copy non-members, postpaid. 
Copies all issues are available except: 


1947—January, March, June, July, 
September, November 

1948—January, February, May, June, 
July, August, December 

1949—January, February, June, July, 
August, September, October 

1950—January, February, May 

1951—January, February, March, 
October 

1952—March 


Indices Corrosion technical literature have 


been published follows: 


5-Year Index, 1945-49 inclusive and 
Index Vol. December, 1950 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


HOUSTON 


TEXAS 


December, 1952 
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3 HP COMPRESSOR 
4172 


Figure layout pipe clean- 
ing setup. 


Rapid, Low-Cost Operation 


MOSE FLL cace 


Gav 
FUEL TANK 


Portable Burner Cleans Exterior Pipe 


Contaminated With 


Paraffin 


GAINES LASTER* 


FIRED burning apparatus frequently has 

been used clean contaminated pipe coating 
yards where natural gas was available but re- 
cent occasion was necessary improvise burner 
that would facilitate pipe cleaning 
without supply natural gas. 


The pipe was contaminated the interior with 
heavy coating paraffin. The stock pile consisted 
several thousand feet pipe having joints various 
lengths, all which had been yard storage for 
approximately two years. 

During the summer months the paraffin had run 
out the ends the shorter joints and thereby con- 
taminated several feet exterior surface the ends 
longer joints. Inspection revealed that very few 
the longer joints had escaped contamination. 

Conventional cleaning machines would not remove 
the paraffin satisfactorily, detergents and cleaning 
solutions were not sufficiently effective 
steam was only partially effective. 

The problem was ultimately solved use 
portable type burning apparatus fabricated from 
small engine-driven air compressor, two conventional 
burners having regular half-inch hose, and 
tank salvaged from discarded 
kettle. Refer Figure 


Cost the apparatus was approximately $200 and 
could operated kerosene Diesel fuel. 


*Tulsa Pipe Coating, Inc., Tulsa, Okla. 


Operating pressure was maintained 
psi. 

Using one torch each end the stock pile and 
rolling pipe past the burner operators, was pos- 
sible completely burn the paraffin from the 
exterior the pipe average rate joint 
pipe per minute. This amounted the processing 
approximately ten thousand feet pipe per 
8-hour working day. 

Following the removal paraffin the pipe was 
rolled onto stationary conveyor and then fed into 
conventional type cleaning machine, from which 
was moved down the conveyor and stock piled 
shown the drawing. 

The operating cost the paraffin removal 
amounted approximately one fourth cent per 
foot pipe processed, may seen from the 
following analysis: 


approximately 


man-hours $1.25 

gal. diesel fuel $0.13 

gal. gasoline, for compressor engine 


dividing $27.00 the 10,000 feet pipe 
cleaned per day the unit cost for paraffin removal 
was found $0.0027 per ft. 

should pointed out that the internal deposit 
paraffin this pipe was not considered objection- 
able for the purpose for which the pipe was 
subsequently used, was not necessary remove 
the paraffin from the interior the pipe. 
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Hamilton-Niagara Section 


Hamilton-Niagara Section was host 
June meeting held Hotel Collins, 
Dundas, Ont., for Toronto Section 
NACE and Southern Ontario Committee 
Electrolysis. There were present 
hear Fair Koppers Company 
speak “Protective Coatings,” which 
pipe coating and wrapping materials 
were covered. 

Formal election officers was held 
with Hyslop United Gas and 
Fuel Co. Hamilton, Ont., elected sec- 
tion trustee. Rules and regulations for 
the section were presented and approved. 


Guests Attend 


Permian Basin Meeting 


Sixty-six guests and NACE mem- 
bers were present the July meeting 
Permian Basin Section. The meeting, 
sponsored Permian Basin Section, 
was joint meeting with American In- 
stitute Mining and Metallurgical En- 
gineers and the Texas Society Pro- 
fessional Engineers. 

Titterington Pipeline Anode 
Corp., Tulsa, spoke “Cathodic Pro- 
tection Primarily Applied Pipe 
Lines.” John Knox, section secretary- 
treasurer, issued invitation attend 
the Permian Basin Corrosion Tour 
held September 30-October 
business was transacted. 


Postoffice Changes 
Affect Corrosion Mailing 


change the regulations the 
United States Post Office necessitates 
change the practice the National 
Association Corrosion Engineers with 
respect copies Corrosion magazine 
undeliverable because incorrect ad- 
dress. has been the association’s cus- 
tom, when undelivered magazine was 
returned NACE Central Office, 
redispatch the copy the member 
subscriber when the correct address 
was learned. 

The post office will longer return 
the undelivered copies NACE, but 
instead will return post card notice 
the effect that the magazine was unde- 
livered. The magazine will sent 
the dead letter office 
destroyed. view this circumstance 
the association will longer able 
remail the misdirected copy. Address 
changes made available through 
routine will made and the next issue 
Corrosion will dispatched. 

Persons who fail receive copies 
Corrosion because failure notify 
Central Office address changes, will 
obliged purchase substitute copy 
from the association. 


NACE MEETINGS 


CALENDAR 


Oct. 
7—Southern New England Section. 
20—Baltimore Section. 


Regional Meetings 

Oct. 

7-9—South Central Region. Mayo Hotel, 
Tulsa. Technical papers, discussions, 
committee meetings. 

7—Northeast Region. New Haven, 
Conn. Technical session beginning 
with three papers sched- 
uled. Social hour, dinner. Head- 
quarters Hotel Taft. 

Nov. 

12—South East Region. Birmingham, 
Ala. 

19-20—Western Region, Biltmore Hotel, 
Los Angeles. Technical committee 
meetings, symposia refinery and 
aircraft corrosion. 


Phenolic, Rubber Linings 
Topic Houston Meet 


Baked Phenolic and Rubber Linings 
Corrosive Service, was the scheduled 
topic Duesterberg, Plastic Ap- 
plicators, Inc., Houston, the August 
Houston Section meeting. 


Gordon Conference Honors 


Members NACE 


Two the three new officers for the 
Gordon Research Conference Corro- 
sion the American Association for the 
Advancement Science are members 
the National Association Corrosion 
Engineers. The third officer, Earl 


Gulbransen, Westinghouse Electric’ 


Corporation’s Research Laboratories 
East Pittsburgh, Pa., received the NACE 
1952 Willis Rodney Whitney Award for 
achievements the field corrosion 
science. Dr. Aaron Wachter, named 
chairman, vice-president NACE; 
Dr. Gulbransen was 
man and Herman Liebhafsky, the 
General Electric Company Research 
Laboratory Schenectady, was named 
recording secretry. 

Dr. Wachter and Dr. Gulbransen are 
now delegates the Inter Society Cor- 
rosion Committee from the Gordon 
Conference. 

The annual conference, held Colby 
College, New London, H., July 20- 
24, had theme Critical Review 
Modern Fundamental Concepts 
Corrosion.” Registration was 122, rec- 
ord, and applications attend were 
turned down. 


Northeast Region 
Outlines Program 
Feature Papers 


Three papers men prominent 
the corrosion field will featured 
the technical program for Northeast 
Region’s 1953 Fall Conference Hotel 
Taft, New Haven, Conn., October 
Scheduled give papers beginning 
p.m. are Hoxeng, United States 
Steel Company; William 
Yale University, and Copson, 
International Nickel Co., Inc. 

The technical session will followed 
social hour and dinner begin- 
ning p.m. entertaining dinner 
speaker expected. Those intending 
spend the night are advised make 
reservations directly with Hotel 

Persons responsible for arrangements 
point out added reason for those at- 
tending this meeting bring wives 
—the colorful autumn hued 
New England this time the year 
which considered many un- 
equalled for beauty anywhere 
United States. 


Recipients ASTM 
Awards Are Named 


The American Society for Testing 
Materials has announced Awards 
Merit ten technical leaders the 
field engineering materials who have 
rendered outstanding service the 
society, particularly its technical com- 
mittee work. 

Three other awards and medal were 
given outstanding men thie society, 
among them the Sam Tour Award 
tric Corp. for his paper, Fretting Cor- 
rosion Tendencies Several 
tions Materials. The 
presented the society’s 56th 
Meeting Atlantic City, J., 


Sillcox Nominated 
Head ASME 1954 


Lewis Sillcox, vice chairman 
the board directors New York 
Brake Company has 
the 1954 president the Americal 
Society Mechanical Also 
nominated were five regional vice 
dents and two Elec 
tion will letter ballot. 


Furman Honored 


Nathaniel Howell Furman 
ton University has been selected 
ceive the 1953 Palladium Medal The 
conferred for outstanding 
tions the field analytical 
North Carolina. 
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NACE NEWS 


Texas Corrosion Course Outline Given 


tentative program for the Corrosion 
Short Course given Texas 
College, College Station, Sep- 
tember 22-25, has been prepared. 
Lindsay, head the college’s chemical 
engineering department, charge 
the course, said basic corrosion subjects 
would covered, including fundamen- 
tals, materials construction, coatings, 
cathodic protection, instrumentation and 
special topics. 

Small group discussions have been 
scheduled for the evening Septem- 
ber 23. 

Workers corrosion and executives 
concerned with corrosion 
are attend. Registration will 
limited and registration fee $25 
will charged. 


NACE Cooperating 


The giving the course co- 
operation with the South Central Re- 
gion, National Association Corrosion 
Engineers. steering committee from 
NACE, consisting Brannon, 
Humble Line Company; 
NACE executive secretary; 
Charles Gribble, Jr., The Metal Goods 
Corp., all Houston; Norman Hacker- 
man, University Texas, Austin; Gus- 
Heinemann, Columbia-Southern 
Chemical Corp., Corpus Christi, Texas; 
Kelly, Kelly-Mavor Co., Hous- 
ton; David Henry Levy, Magnolia Pipe 
Line Co., Dallas; John Loeffler, 
Thornhill-Craver Co., Oliver 
Osborn, Dow Chemical Co., Freeport, 
Texas; Stegner, Tennessee Gas 
Transmission Co., Houston; Starr 
Thayer, consulting engineer, Houston; 
Wood, Jr., Products-Re- 
search-Service, Inc., Houston. 


Tentative Schedule 

Tuesday Morning, Sept. 22, Lind- 
say, 

cial. Response, Walter Rogers, NACE 
president. Membership NACE, 
Campbell, NACE. The NACE 
Education Committee, Norman Hack- 
erman, University Texas. The 
South Central Region NACE, Harry 
Waldrip, chairman, Gulf Oil Corp., 

9:30 Corrosion, 
Thomas May, The International 
Nickel Co., New York City. 

10:45 Cathodic 
Protection, Starr Thayer, consultant, 

ouston. 

Tuesday Afternoon, Sept. 22, John 

presiding. 

p.m.—Three one-hour periods 
materials construction. Speakers 
named. 


Center lobby. 

Wednesday Morning, Sept. 23, 
Sharpe, Humble Pipe Line Company, 
Plant Design Prob- 
lems from the Corrosion Prevention 
Aspect, Howard Dick, Products- 

Inc., Westwego, La. 
Structures and Application, Harry 
Waldrip, Gulf Oil Corp. 
Paints and Coat- 
tor Industry, Joseph Rench, 
Napko Paint Varnish Co. 


Wednesday Afternoon, Sept. 23, John 
Ligon, Sinclair Pipe Line Co., Fort 
Worth, Texas, presiding. 

p.m.—Protective Coatings for Under- 
ground Structures, Sharpe, 
Humble Pipe Line Co. 

p.m.—Principles Cathodic Protec- 
tion, Marshall Parker, Cormit En- 
gineering Co., Houston. 

p.m.—Application Cathodic Protec- 
tion Distribution Systems, 
Woody, United Gas Corp., Houston. 

7:30 group discussions 
under direction Oliver Osborn, 
Dow Chemical Co. 

Thursday Morning, Sept. 24, Harry 
Waldrip, presiding. 

a.m.—Application Cathodic Pro- 


year. 


With over 100,000 amperes pro- 
tective current successfully de- 
signed and installed ERP, over 
two million pounds steel and mil- 
lions dollars’ worth equipment 


are being saved from corrosion each 


Call this experience when you 
are looking for dependable cathodic 
protection save your maintenance 
dollars pipelines, pressure tanks, 
reservoirs, elevated water tanks, 
water treatment systems, deep wells 


cargo ship ballast tanks. 


PIPE PROTECTION DIVISION 


ELECTRO RUST-PROOFING CORP. (N. J.) 
BELLEVILLE 


tection Pipe Lines and Tanks, 
Wade, Transcontinental Gas 
Pipe Line Corp., Houston. 

a.m.—Application Cathodic Pro- 
tection Industrial Plants, Derk Hol- 
steyn, Shell Oil Co., Houston. 

Salt Water, Doremus, Cathodic 
Protection Service, Houston. 

Thursday Afternoon, Sept. 24, 
Stegner, presiding. 

p.m.—Instruments Theory, Charac- 
teristics, Design and Manufacture, 
Lyle Sheppard, Shell Pipe Line 
Corp., Houston. 

pplication 
Field Use, Woody. 

(Continued Page 
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Whitney Will Address 


New York Section 


Whitney, Jr., Monsanto 
Chemical Co., St. Louis, Mo., sched- 
uled address Metropolitan New York 
meeting. The title his talk 
Histories Illustrating Methods Com- 
bating Corrosion with the Use Coat- 
ings.” 

Metropolitan Section, organized 
1948 with 180 members, now has 440 
members. the beginning the sec- 
tion’s fifth year LeFebvre, secre- 
tary, said well-rounded program has 
been arranged for the year and there 
every indication the section’s fifth will 
one its best years. 


Laboratories Probe 
Pollution Air 


Thirty-seven laboratories and 
sities are conducting research into the 
problem air pollution, survey pub- 
lished the American Society for 
Metals Committee Air Pollution Con- 
trols shows. These inquiries range from 
the Argonne Laboratory’s search for 
instrument capable determining quan- 
titatively the amounts freon air 
Ontario Research Foundation’s meas- 
urements dustfall, atmospheric dust, 
gas and vapor concentration, meteor- 
ological studies and determination 


“corrosion potential.” 

The committee was formed provide 
clearing house for information air 
projects and 


pollution control trends. 


Diffraction Conference 
Scheduled November 5-6 


Technical sessions Instrumentation 
and Methods, Metals, Recrystallation 
and Preferred Orientation and Structure 
Polymers are being arranged for the 
Eleventh Annual Pittsburgh Diffraction 
Conference. Papers these subjects and 
general diffraction subjects are being 
accepted. The sessions will held 
Mellon Institute, Pittsburgh, Pa., No- 
vember 5-6. 

Persons interested submitting pa- 
pers may send titles for consideration 
Program Chairman Wicker, United 
States Steel Corp., Res. Dev. Lab., 234 
Atwood St., Pittsburgh 13, Pa. 


NYU Offers Courses 
Surface Technology 


Two surface technology courses will 
offered during the fall term New 
York University’s division general ed- 
ucation. They are: Fundamentals 
Paint, Varnish and Lacquer Technology, 
pm, Wednesdays, Sept. 23-Jan. 
20. will cover coatings for protection, 
decoration and functional purposes, raw 
materials, manufacture and other phases. 
Seminar New Development Or- 
ganic Finishes, pm, Tuesdays, 
Sept. 22-Jan. 19. This will cover impor- 
tant advances recently made. 


Information NACE’s Corrosion 
Abstract Card Service may obtained 
writing Central Office, 1061 
Bldg., Houston Texas. 


When time electrically insulate your main line flanges and 
service lines with complete confidence and peace mind. One 
mistake could cost you hot one million dollars, you're lucky! Fires and 


explosions are expensive! 


Fittings that don't leak are not source worry. The only thing 
you should worry about not having something worry about. Elimi- 


nate one worry now! 


FLANGE INSULATION 


METER INSULATION 


METER INSULATION 
INSULATED UNIONS 


ELECTROLYSIS CHECK POINTS 


call will bring one our 
engineers your door; our-engineer 


will the worrying for you (he's al- 


ready got ulcers one more won't 
hurt 


ALL THE WORLD 
The Only Exclusive Designers 
and Manufacturers 


ELECTRICALLY INSULATED 
PIPE FITTINGS 


Your Problem Our Only Business 


Kettering Honored 


highlight its annual meeting 
Daytona Beach, Fla., June 18-20, the 
National Society Professional Engi- 
neers will present the NSPE award 
Charles Kettering, engineer, inventor 
and vice president General Motors 
The award, granted the basis meri- 
torious service the engineering pro- 
fession has been given only twice 
before, former President Herbert 
Hoover, and bridge builder 
Steinman. The award will given 
banquet climaxing the three-day 
ing. Carr Forrest, Jr., Dallas, will 
installed new president the society. 


Short Course 
Will Open October 


5-day short course pro- 
tection will open October Uni- 
versity Illinois, Urbana. The course, 
co-sponsored the National 
tion Corrosion Engineers, the first 
major area corrosion science. 
tion will cover economics, management 
problems, theory, application, design 
problems, instruments, testing and other 
phases the subject. 
are NACE members. 

Ray Wainwright, associate professor 
electrical engineering the university 
coordinator for the course. Registra- 
tion fee $47.50 payable the uni- 
versity. This fee covers $37.50 for lec- 
tures, laboratories and demonstrations 
and $10 for five luncheons the campus 
and banquet. Dittoed notes will 
supplied. Registration limited 50. 

detailed schedule the course was 
published August Page 13. 


Oklahoma Seminar 


corrosion seminar has been sched- 
uled the University Oklahoma, 
Norman, December 1-4 inclusive. Dr. 
John Roberts, charge the 
nar, getting the cooperation Central 
Oklahoma Section NACE. Dr. 
Allen chairman the section’s com- 
mittee working with Dr. Roberts. 


Texas 


(Continued From Page 


p.m.—Instruments Non-Destructive 
Measurement Wall Thickness 
Chemical Process Equipment, speaker 
named. 

p.m.—Banquet. 

Friday Morning, Sept. 25, Gustave 
nemann, presiding. 


Refining Co., 


Blount, Magnolia Petroleum 
Dallas. 

Through Sea Water Systems, 
Brooks, Dow Chemical Co., 

11:30 a.m.—Corrosion Water 
circulating Systems, Charles 
Carbide Carbon Chemicals 
Texas City, Texas. 
Registrations and 

Lindsay. Accommodations the A&M 

Student Center can house about 

persons. Air conditioned tourist courts 

are close by. 
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Schedule for Western Region Meeting Outlined 


opportunity for week-long study 
and conferences corrosion 
provided the Western Region, Na- 
tional Association Corrosion Engi- 
neers November 16-20. three-day 
course cathodic protection will 
the University California Los 
Angeles. NACE sponsoring the short 
course. November and will de- 
yoted the Third Annual Conference 
Western Region NACE, when cor- 
problems affecting pipelines, oil 
refineries and aircraft will discussed. 

The University California course 
will directed toward training person- 
nel the field installation and mainte- 
nance cathodic protection systems. 

the regional conference some 
NACE’s technical committees are ex- 
pected make reports during the 
morning November 19. Technical 
papers presented during the af- 
gas and water pipeline cor- 
rosion. the following morning papers 
corrosion problems the aircraft 
industry will given and the after- 
noon the 20th corrosion problems 
petroleum refineries will discussed. 

The week’s activities afford oppor- 
tunity listen and discuss with some 
the nation’s leading corrosion engi- 
neers current corrosion problems and 
what being accomplished control- 
ling corrosion damage. 


BOOK REVIEWS 


Ferrous Analysis, Modern Practice and 
Theory. Pigott. Second re- 
vised edition, 1953. 690 pages, 
inches. Illustrations and tables. John 
Wiley Sons, Inc., 440 Fourth Ave., 
New York, Per copy....$12.50 

The book gives detail procedures for 
analyzing ferrous compounds and lists 
the various techniques used analysis. 
Chapters deal with available analytic 
techniques and their proper choice. The 
constituents iron are ar- 
ranged alphabetically; there are other 
chapters the microchemical analysis 
and steel, alloys and ores and 
materials. 

Each principal constituent iron and 
steel discussed separately. The proper 
method and technique for analysis 
tach constituent given detail and 
extensive bibliography given listing 
books which deal more extensively with 
specific techniques for analysis. 

Tables list the classification and sev- 
characteristics Main Quantita- 
tive Techniques, Special Quantitative 

echniques and Special Semi-Quanti- 
tative Techniques. 


Proceedings, American Society for Test- 
ing Materials, 1952. Vol.* 52, 1309 
lished American Society for Test- 
Materials, 1916 Race St., Phila- 
delphia, Pa. Price not given. 

This hard cloth bound book 

Committee Reports, Tech- 

Papers and Symposia Proceedings 

ASTM during 1952. The table 

and subject and author indexes 
(Continued Page 


Western Region Conference 
Tentative Schedule 


Pipeline Management’s Approach Re- 
finery Corrosion Problems 
Kingman, vice-president and manager, 
Union Oil Company. 

American Standards Association Efforts 
Establish Code for Gas Pipelines 
That Will Meet Approval all States 
Hough, vice-president, South- 
ern Counties Gas Co. 

Metallurgy Pipe and the Metallurgi- 
cal Approach Corrosion Problems 
Large Diameter Pipe Earl 
Parker, Professor Metallurgy, Uni- 
versity California. 

Factors Affecting the Corrosion 
Aluminum Pipe Used Sprinkler 


Irrigation Mark Adams, Asso- 
ciate Chemist, Washington State In- 
stitute Technology, Division 
Industrial Research. 

Stress Corrosion Airframe Compo- 
Waisman, Douglas Aircraft Co. 

Vitreous Coatings Aircraft Parts 
Resist High Temperature Corrosion 
John Long, Director Re- 
search, Solar Aircraft Co. 

Role Organic Inhibitors for Refinery 
Corrosion Prevention George 
Purdy, Tretolite Co. 

Use Alloys Prevent Corrosion 
Critical Petroleum Refinery Problems 
Morton, The International 
Nickel Co., Inc. 


INSURE 
PROTECTION 


Intermediate Grade Enamel has 
inherent tar properties which protect 
metal surfaces from corrosion where ex- 
cessive stresses and temperatures are not 
forecasted. For other conditions, Reilly 
offers more grades Hot Application 
Coal Tar Base Enamels. They are 230 
Plasticized, 230 (AWWA), and Pipeline. 
Write for the page booklet 
Reilly Protective Coatings. shall 
glad help you with your particular needs. 


Photo: Lake Shore Pipe Line courtesy 
the Lake Shore Gas Company of Ashtabula, 


iP 
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Methods test for measuring water Corrosion Short Course the 

New Specifications vapor transmission materials versity California, Los Angeles 
sheet form 96-53 T). cooperation with the National Associa. 

Are Listed ASTM Reference radiograms aluminum Corrosion Engineers, February 
magnesium castings 99-53 T). 4-8, 1952. These lectures, men active 

the new materials specifications the corrosion field the 
accepted the June 28-July 1953, States, cover such subjects the 
Annual Meeting the American Soci- Chemical Exposition Corrosion Control 
ety for Testing Materials, the following the United States, Corrosion Nop. 
listed have significance for corrosion _The Eighth National Chemical Metals, The Soils, Chemical 
workers, Copies these specifications the American Chemical Physical Chemical Methods Ap. 
will available for sale later held October 12-15 Chicago plying Coatings Prevent 
ASTM headquarters, 1916 Race Coliseum. function Chicago Theory Oil Well Corrosion and 
Philadelphia Pa., ata nominal charge, section. others. The book useful for reference 
usually 25c each, but slightly higher and indicative the kind 
standards over pages. tion presented short courses this 


subject. 
Seamless copper tube for refrigeration BOOK REVIEWS 


Methods test for adherence por- (Continued From Page ering. ASTM Special Technical Pub. 


celain enamel and ceramic coatings papers and reports published 
sheet metal 313-53 T). the society during the year and includes for Testing Materials, 1916 Race St, 


Methods testing for corrosive papers the text which does not 
which have been accepted for publication Per Copy 
Method test for water vapor permea- the ASTM Bulletin other Special Consisting papers presented the 
bility shipping containers cycle Technical Publications. AST Anniversary Meeting, New 
method 1276-53 T). Among the reports pub- York, June 24, signifi- 
Specifications for non-rigid thermoplas- lished the 1952 proceedings are: Re- 


loys and Report Advisory Com- Reinhart; Weathering Some Organic 

mittee Corrosion. Other papers 


metal cleaners 1279-53 T). corrosion are: Atmospheric Corrosion ing Tests Metallic 


Total immersion corrosion test for Steel Wires Jahn, Atmos- liam Blum; Development Moisture 


tank metal cleaners 1280-53 T). pheric Corrosion Low Alloy Steels, 


metal cleaners 1281-53 T). Evaluating Corrosion Molten Weathering Devices 


demand (dichromate oxygen demand) symposium Fretting Corrosion are 


T). also published the Electrodeposition Research. 


Methods test for residual chlorine the NBS Semicentennial 
sium Electrodeposition Research 


industrial water 1253-53 T). Corrosion—A Short Course. 
Methods test for nitrite ion indus- inches, 148 pages. February, 1952. 1951. National Bureau Standards 
trial water 1254-53 T). Dept. Conf. Spec. Activities, 129 pages, figures, 
Methods test for sulfides industrial University Extension, University tables, buckram bound. Government 
waste water 1255-53 T). California, Los Angeles 24, Calif. Printing Office, Washington 25, 


Scheme for analysis industrial water Per copy Per Copy 
1256-53 T). The book consists lectures given This volume contains papers given 
symposium sponsored NBS 
courage further research this field, 
present current research results and 
problems and facilitate the exchange 
information. 

Representing cross section 
search currently being conducted 
electrodeposition industrial, univer- 
Europe and the United States, the 

pers cover such topics research 

for cathodic protection electrodeposition Great Britain, the 

United States, France, Germany, Bel- 

gium and Holland; electrodeposition 

search Battelle Memorial 

United Chromium, Inc., the 

Mines, Armour Research Foundation, 

Westinghouse Electric Corporation 

Enthone, Inc., metal finishing; brass 

i i i osistance 0 

Corrosion control for under-ground and under-water 


pipelines and other metal structures regardless all aluminum and magnesium die cast- 
ings; determination 


other methods used. electroplating baths; effects 


APEX Anodes are Anode folders technical consultation with our engineers gas 


available in 17 Ib. 
available upon request. electrodeposits with their weathering 
installation, plating operations; current and meta Ten 
2537 WEST TAYLOR STREET CHICAGO 12, ILLINOIS new degreasing evaluation test: the ato- Tex 


6700 GRANT AVENUE CLEVELAND OHIO mizer test. 


1 
ve 4 
or 
lin 
in 
vis 
the 
tro 
ie 
Wit 
elec 
3 m tot 
cen 


the 
Associa- 

United 
the Cost 
of Non- 
Ap- 
orrosion, 
and 
informa- 
this 


Weath- 
cal 
res, 6x9 
Society 
St, 


Funda- 
ients 
Organic 
eather- 
Wil- 
Moisture 
ro; Out- 
icks and 
ton and 


Sympo- 
Research 
iber 4-6, 
tandards 
ernment 


ven ata 
en- 
field, 
ilts and 


icted 

ories in 
the pa- 
rain, the 
ny, Bel- 
ition 
reat of 
indation, 
tion and 
earch 
brass 

sleeve- 
stance ol 
ted 
die cast- 
osity 
neability 
athering 
jeposited 
tes 
metal 
and 3 
the 


treasurer. 


1953 


Headquarters for 
Three-Day Event 


opportunity inspect corrosion 
mitigation measures the modern Cos- 

Spring wil’ given registrants the 
Permian Basin Corrosion Tour. 

The tour will held September 30- 
October with headquarters Lincoln 
Hotel, Odessa, Texas. The registration 
fee, Permian Basin Section 
NACE, should sent John Knox, 

Besides Cosden refinery, the tour 
for inspection tanks, pipe lines, well 
and tubing, pumps, 
changers and other 
ment. some cases the 6-year history 
the and the corrosion 
limiting taken preserve 
will revealed. More than exhibits 

are anticipated, made available oil 

companies cooperating with the section 
tour. These exhibits, for the most 
part are situ. 

Travel the sites exhibits 
chartered bus. Conferences after field 
trips are held discuss the exhibits 
visited. 

barbecue dinner the Odessa 
Chuck-wagon gang scheduled. Speak- 
ers for after-dinner discussion sessions 
are scheduled. Small portable items 
equipment will exhibited Odessa 
the last night the tour. 

1951 the tour was attended engi- 
neers from states and three foreign 
countries. The results coating the 
inside and outside petroleum produc- 
tion equipment with various types 

coatings were viewed and the various 
adopted for mitigating corrosion 

irom petroleum were discussed. 


Baker President 
Alloy Institute 


Baker, vice-president The 
Duriron Co., Inc., Dayton, 


president the Alloy Casting In- 


Stainless Steel and Alloys Div., Sha- 


Chemicals, Ltd., Montreal was 
vice-president and Schoe- 
Mineola, Y., was reelected execu- 
vice-president and treasurer. 


Officers 


American Society for Metals officers 
take office Oct. have been named 
Lorp., president; George Roberts, 
Alloys Steel Corp., vice-presi- 
Pennington, The Carrier 


Reprints material published Cor- 
Tosion are 


usually made only order. 
prices may obtained from 


NACE NEWS 


British Tin Magazine 


and Its Uses,” periodical re- 
view issued the Tin Research Insti- 
tute, Fraser Road, Greenford, Middlesex, 
England, contains abstracted and origi- 
nal articles concerning developments in- 
volving tin. The June, 1953 issue, No. 
did not indicate terms availability. 


Refrigeration Show 


Refrigeration and Air Conditioning 
Exposition will held Cleveland No- 
vember 9-12. 


Permian Tour Will Include Modern Refinery 


New ASTE Chapters 


Two new chapters the American 
Society Tool Engineers were chart- 
ered the nights June and 23. 
They are located Lansing, Mich. and 
Canton, Ohio. 


AIChE Meeting Set 


San Francisco 

national meeting the American 
Institute Chemical Engineers will 
held September 13-16 San Francisco. 


the Oil and Gas Industry 


Pictured here are some typical 
applications coating and wrap- 
ping products distributed 
Day Company. 


National Distributor 
THE RUBEROID COMPANY* 
Pipe Line Asbestos Felt 


Gulf Coast Distributor 
PITTSBURGH COKE 
CHEMICAL CO.* 


Hot Applied Coal Tar Enamels 
for Pipe Lines 


Cold Applied Coal Tar Coatings 
for General Industry 


Gulf Coast Distributor 
AMERICAN COATING 
SUPPLY CO. 
Field Jointer 


Write, wire telephone for 
erature, prices and engineering 
counsel. 


*Available from Houston Warehouse Stock. 
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Tentative Kansas City Technical Program 


WHO KANSAS CITY PROGRAM Symposia, Group 


Simpson 


Wenk 


Engineering Department, Experimental 
chairman the Chemical Industry 
Symposium for the 1954 Kansas City 
Conference. 


Glenn Fritzlen—Chairman the 
Elevated Temperature Symposium 
Kansas City next March. Mr. Fritzlen, 
Assistant Technical Director, Haynes 
Stellite Company, Kokomo, Ind., has 
been with his present employer seven 
years work related high- 
temperature corrosion. served 
Research Metallurgist, Project Engineer 
for High-Temperature Alloys, Head 
the Physical Metallurgy and Alloy De- 
velopment Section Haynes Stellite. 
graduate Purdue University with 
metallurgical engineering, was 
employed previously Aluminum 
Company America, Lafayette and 
Allison Division Laboratories, Indian- 
apolis, before entering the Army Air 
Corps. the corps was Assistant 
Chief Metallurgical Branch, Mate- 


Titterington Watkins 


rials Laboratory Wright Field, Ohio, 
for three years. spent six months 
technical intelligence officer the 
United Kingdom and Germany liai- 
son officer for material analyses cap- 
tured enemy aircraft. member 
NACE, AIME, ASM and other tech- 
nical societies and organizations. 


Haile—Mr. Haile, co-chairman for 
the Non-Destructive Testing Sympo- 
sium Kansas City, supervisor 
the Corrosion and Inspection Group 
Monsanto’s Texas Division Texas 
City, Texas. has been active cor- 
rosion and inspection work for seven 
years. holds chemistry from 
Louisiana State University and Naval 
Reserve Commission from the United 
States Naval Academy. Before joining 
Monsanto 1951, was with Lago 
Oil and Transport Co., Aruba, 
corrosion and inspection work and 
with Smith’s Houston Works 
pressure vessel fabrication. 


present Distribution Engineer the 
Testing Division the Electric Distri- 
bution Department, Consolidated Gas 
Electric Light and Power Company 
Baltimore, has spent most his time 
since 1943 electrolysis mitigation 
work, has been member NACE 
Technical Practices Committee 
Electrolysis and Corrosion Cable 
Sheaths since its organization. Mr. Mc- 
Cormick, co-chairman the Electrical 
and Communications Symposium for the 
1954 Conference, has been employed 
his present company since his gradua- 
tion 1927 from the Engineering 
School, Johns Hopkins University, with 
BE. 


(Continued Page 


Discussions and 
Round Table Planned 


complete tentative outline the 
technical program for the Tenth 
Conference and Exhibition the 


tional Association Corrosion Eng. 


neers has been revealed 
ney, Jr., Monsanto Chemical 
nical program chairman. The 
difference from the schedule the meet. 
ing last year will morning 
symposia will end 11:30. 

The tentative schedule follows: 


Monday, March 


9-12 noon—Technical Practices Com. 
mittee meetings. 
2-5 pm—Technical Practices Committe 
meetings. 


Tuesday, March 


9-10 am—General Business meeting, 
10-11:30 Principles and 
Non-Destructive Testing Symposia. 
2-4:30 Corrosion and 

finery Industry Symposia. 
4:30-5:30 pm—Educational Lecture No. 


Wednesday, March 
9-11:30 am—Pipe Line Coatings, Power 


and Communication Industry and 


mospheric Pollutants Symposia. 
2-4:30 
posium and Pipe Line Group Discus 


sions. 
4:30-5:30 pm—Educational Lecture 


Thursday, March 
Protection 
posium and General Corrosion 
lems. Round Table. 
2-4:30 pm—Pipe Line and 
Corrosion Round Table and 
Temperature Corrosion Symposium. 
4:30-5:30 pm—Educational Lecture No. 


Friday, March 
9-11:30 am—Protective Coatings and 
and Gas Production Symposia. 
The morning technical sessions 
shortened provide more time for 
ing exhibits. 


More Officials Named 
For 1954 Conference 


Two more acceptances responsibil- 
ity for segments the 
Annual Conference and 
Kansas City 1954 have been 
nounced follows: 

Technology, will co-chairman 

Chemistry, Colorado School 
Golden, has accepted 
the Educational Lectures. 
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Materials 


“The Use Plastics Materials 
Construction the Chemical Industry,” 


Chemical Construction Corp., Lin- 
den, J., presented during the 
NACE Tenth Annual Conference and 
Exhibition Kansas City. will 
one the papers the Chemical In- 
dustry Symposium. 


Who's 


(Continued From Page 


the Operating Division the United 
Houston. Mr. Simpson did 
pipe lines for the 
Line Company 1929 when 
nan and draftsman map- 
work 
Odessa. was first em- 
nited Gas Corp., January, 
was known the United 
Service Company, rod- 


Texas 
ping and 
ployed 


1931, 
Gas Public 


man ‘ield survey party. has 
since held responsible positions with 
United Gas with headquarters Lake 
Charles, Jacksonville, Texas, and Hous- 
His current responsibilities include 


maintenance and operation 
properties the distribution 
Texas, including valuation, 
standardization, cathodic protection and 
chairman 


radio Communication. 


Kansas City Pipe Line Coatings 


Symposium. 


Lawrence Stout—Dr. Stout dean 


the School Engineering, Washing- 


University, St. Louis. consulting 
chemical engineer for years, holds 
from DePauw University and 


Ohio State University and has been 
the chemistry and engineering schools 


Miami University, Oxford, Ohio and 
University various ca- 


engineering, chairman the 
engineering department 
Washington University and since 1948 


been director, Sever Institute 
the graduate division the 


Engineering, Washington 
University, St. Louis, Mo. member 
numerous technical societies, has 


the General Corrosion 
Problems Round Table held 
Kansas City next March. 


Yale Titterington—Mr. Titterington, 
with the Pipe Line Anode Corp., 


Tulsa, has long been active NACE. 
interest corrosion mitigation ex- 


the Pipe Line and Under- 
Round Table 


Conference. 
® 


Franklin Watkins—Director since 


1948 the Corrosion Engineering Divi- 
Research Laboratories, 
chemical engineering and 
from University Colorado. 
hile test engineer General Elec- 


oils, and result was 
Sinclair Refining Com- 
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pany’s research department 1936. 
then directed additive synthesis and 
formulation petroleum products with 
additives. Since joining NACE 1949 
has been chairman the Chicago 
Section, and Technical Practices 
Committee Corrosion Inhibitors. 
practices committee work. co- 
chairman the Kansas City Refinery 
Industry Symposium and expected 
chairman the same symposium 
the NACE’s 1955 Conference Chicago. 
Samuel Wenk—Mr. Wenk brings 
the chairmanship the Non-Destructive 
many years experience this subject 
and metallurgy. Before joining Bat- 
telle Institute, Columbus, Ohio, 1948 
where chief non-destructive 


testing research there aimed develop- 
ing new methods for detection flaws 
engineering materials, was chief 
metallurgist, Bowser, Fostoria, 
Ohio. For five years during World War 
served the Ordnance Depart- 
ment Chief Inspection for the 
Pittsburgh Ordnance District and Chief 
Production Engineer for Heavy Calibre 
Ammunition for the Office Chief 
metallurgical engineering. mem- 


ber the Non-Destructive Testing 
Society, ASTM and Sigma Xi. 

Persons interested joining NACE 


may get information and application 
blanks for membership writing 
Central Office, 1061 Building, 
Houston Texas. 


LEAD... Why and Where you should use 


Lead was probably the first corrosion-resistant construction material. 
The ancient Romans were among the first recognize its value and 
they used the extensive water systems which were part 


their civilization. 


Today, lead widely used acid manufacture and the produc- 


tion other chemicals; pickling, plating and anodizing; 


and 


the control air pollution and waste recovery. 

the chemical, textile, petroleum and metallurgical industries 
lead can used safely many instances where reliable control 
strongly corrosive materials imperative. dependable under 
many pressures, concentrations and temperatures ideal for handling 
sulphuric, sulphurous and chromic acids. 

For further information the use lead your corrosive-handling 
system, write Federated’s Corrosion Advisory Service. 

For ASARCO lead products pipe, sheet, valves, fittings, etc. 
see Federated first. Available through any Federated’s sales 


offices across the country. 


AMERICAN SMELTING AND REFINING COMPANY 
120 BROADWAY, NEW YORK 


Canada: Federated Metals Canada, Ltd., Toronto, Montreal 


Aluminum and Magnesium, Babbitts, Brasses and Bronzes, Anodes, 
Die Casting Metals, Lead and Lead Products, Solders, Type Metals 
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Protective 


Practical Painting for Corrosion-Plagued Plants 


Ucilon Protective Coatings provide 


Drum lining problem 
solved with 
extra thick coating 


concrete hardener the fluosilicate- 
wetting agent type has long created 
shipping problems because its quick 
reaction with steel. Unprotected, steel 
drums corroded and hazardous gas was 
formed. Ordinary linings didn’t with- 
stand this solution. The extra resistance 
was obtained with the thick, resilient 
vinyl plastisol coating provided Uni- 
chrome Series 4000 Drum Linings. 


Write for data the complete variety 
linings available from United Chro- 
mium. 


Plastisol coating 
corrosive use 


Here’s case showing the extraordinary 
protection that can given metals 
processing equipment. 


Bleach reduction chambers noted 
chemical producer were coated with 
Unichrome Plastisol Compound. This 
user reported that the coating gave 
times longer service than even special 
alloy metals before requiring mainte- 
nance! The exceptional chemical resist- 
ance displayed these vinyl coatings 
fortified the thickness they develop— 
Tough and elastic, they bake 
stable form 350°F. The Technical 
Service Department United Chro- 
mium can consulted the suitability 
these compounds for any specific ap- 
plication. 


UNITED CHROMIUM, INCORPORATED 

100 East 42nd Street, New York 17, 

Detroit 20, Mich. * Waterbury 20, Conn. 

Chicago Angeles 13, Calif. 
Canada: 

United Chromium Limited, Toronto, Ont. 


proved systems for controlling 


Protected with Ucilon Coating, 
this 1000 bbl bolted steel tank 

handles 93,000 brine 
monthly. The coating 


interiors of brine tcnks, and i; 


damage and excessive painting 


| pee 5 years service. 


XPERIENCE has proved time and 
again that stopping corrosion be- 
fore starts damage requires 
systematic approach. This means 
preventive maintenance done 
regular and timely basis. means 
adequate surface preparation when 
needed assure optimum results 
that cost you less the long run. 
And finally, means selection 
system coatings engineered meet 
the job requirements. 


Systems coatings such Ucilon 
materials take guesswork out 
heavy duty protective painting. Ac- 
tually, they comprise complete 
for the required protec- 
tion and durability. required, they 
may include special primers for ad- 
hesion, prevent undercutting 
the event break film con- 
tinuity. Sometimes intercoat ma- 
terial may included for improving 
adhesion abrasion and corrosion 
resistance. And, course, they in- 
clude specialized topcoats. Ucilon 
Coating Systems even specify details 
surface preparation and the num- 
ber coats needed control various 
corrosive conditions. Mark 


SYSTEMS FOR “101” 


Sixteen systems Ucilon 
Coatings give engineers wide 
latitude for specifying the 
right protection against 
alkalies, salt solutions, 
hols, moisture, oils and othe 
products. 

Individual coating materials 
include vinyl, chlorinated 
rubber, and fish oil 
formulations. 


CASES 
PRACTICAL PROTECTION 


ducer, areas subjected strong hydro- 
chloric acid fumes were protected 
Ucilon Coating System “A.” Applied 
years ago, the coatings are still 
markable condition with virtually 
patchwork maintenance during this 
service. 

Plating departments with their highly 
corrosive solutions and humidity 
ideal proving ground for coating 
tems. Ucilon Coating Systems have 
because durability, they were selected 
for the largest wire plating 


cern. 

Ucilon System “H” was used the 
interior tank car transporting 
ammoniated saturated nitrate 
contact with this 
chemical. 


With modern protection such 
Ucilon Coatings, corrosion 
has become practical procedure 
conditions once regarded 
Systematic use these coatings 


longer lasting equipment 


painting costs. 
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TULSA—Where South Central Region, National 


Corrosion Engineers, will hold its 


1953 meeting. The October 7-9 sessions will 
the first held the region Tulsa since 


The view here the downtown business district 


the Arkansas River the background. 


Use the Null Bridge Method for the 
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Classification Corrosion Inhibitors 
Cross, Naval Ordnance Test 
Station, Inyokern, Calif., and Norman 
Hackerman, University Texas. 


B. L. CROSS—Since 
March of this year Mr. 
Cross has been in phys- 
ical chemistry research 
and laboratory instru- 
ment design at the Na- 
val Ordnance Test Sta- 
tion, Inyokern, Cal. A 
graduate of the Univer- 
sity of Illinois and of 
the University of Texas, 
he served in the Army 
Air Corps from 1942 to 
1946. 


HACKER- 
AN—Professor of 
director 


search Laboratory at 
Texas, 
Hackerman has 
long been active in 
NACE affairs, His re- 
interests are 
chemistry 
of surfaces 
when appli- 
tive of Baltimore. 
received a PhD 


mistry from 


Hopkins 


® and his students 


have Published in re- 


cent years 
on adsor: 
Surfaces 


Many papers 
Ption on metal 
and passivity. 


Abstract 


Pearson bridge was constructed 
his original design plus later 


some additional modifica- 


Results high precision were not 


obtai 
from the instrument because 


inherent deficiencies. Observed 
drop and activation over- 


potential. The latter had the smaller ef- 
fect the observed electrode potential. 

The instrument was tested various 
inhibitors and the results compared 
those obtained more direct methods. 
These were fair agreement both 
magnitude and direction with results 
obtained other methods with those 
predicted from the structure the in- 
hibitor. Most the deviations observed 
could explained satisfactorily such 
factors solubility changes con- 
ditions under which the run was made. 
Reasonable values for film resistances 
were obtained also. 

was concluded this instrument was 
useful for classification water-soluble 
inhibitors which demonstrate distinct 
behavior effects. 


Corrosion Centrifugal Gas Compres- 
sor Phosphor Bronze Oil-Sealing 
Sleeves Edward Greco, United 
Gas Corp. 

EDWARD Cc. GRECO— 

A native of Leuisiana, 

Mr. Greco is Supervisor 

of the Water Treatment 

and Corrosion Chemis- 

try Section, Research 

Dept., United Gas Corp. 

He has had 15 years’ 

experience in corrosion 

work and is vice-chair- 

man of Technical Prac- 

tices Committee 1 on 

Corrosion of Oil and 

Gas Well Equipment 

and chairman of the 

Natural Gasoline Asso- 

ciation of America’s 

Corrosion Committee. 

He has been chief ex- 

plosive chemist for U.S. 

Army ordnance and 

special chemist, Development, E, I. DuPont 

de Nemours & Co., Explosives Division. 


Abstract 
increased number failures phos- 
phor bronze oil-sealing sleeves cen- 
trifugal compressors has been observed 
certain gas pipeline compressor sta- 
(Continued Page 12) 


Program Includes Thirteen Technical Papers 


AUTHORS AND ABSTRACTS TULSA PROGRAM 


All-Day Committee 
Meetings Planned 
For Opening Oct. 


Thirteen technical papers, Pipe Line 
Corrosion Forum and Oil and Gas 
Transportation Round Table discussion 
are included the technical program 
prepared for the South Central Region’s 
1953 annual meeting Tulsa, October 
7-9 inclusive. open meeting Tech- 
nical Practices Subcommittee 
Corrosion Oil String Casing also 
scheduled and several other technical 
committees will meet. The technical 
papers cover petroleum inhibitors, hy- 
drogen sulfide corrosion mechanism, 
cathodic protection underground pipe 
lines, three papers corrosion proc- 
essing plants and others. 

The tentative schedule was given 
follows Stewart, program 
chairman: 


Wednesday, Oct. 

Meetings the following NACE 
technical committees have been sched- 
uled. 

TP-1 Corrosion 
Well Equipment. 

TP-6B Protective Coatings for Re- 
sistance Atmospheric Corrosion. 

TP-8A Corrosion Gulf Coast 
Cooling Waters. 

TP-14A Electrical 
spection Coatings. 

TP-18A Internal Sour Crude Cor- 
rosion Pipe Lines and Tanks. 


Oil and Gas 


Oil and Gas Production Symposium, 
Thursday, Oct. 8—Morning 
9-9:40 am—Evaluation Inhibitors for 

Gas Lift Wells Shock and 
Sudbury, Continental Oil Co., 
Ponca City, Okla. 
(Continued Page 12) 
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Authors and Abstracts— 


(Continued From Page 11) 


tions. Failures occurred with greater 
regularity and frequency 
wire-brush pipeline scrapers were sub- 
stituted for the less aggressive rubber- 
bladed scrapers. 

Laboratory studies have shown con- 
clusively that the failures result from 
the action iron sulfide particles which 
originate the pipeline and have con- 
taminated the circulating seal oil. These 
solid corrosion products hydrogen 
sulfide and iron oxide are attracted 
and adhere the copper bearing oil- 
sealing sleeves. The iron sulfide initiates 
and maintains high corrosion rate with 
copper sulfide scale. The copper sulfide 
scale plugs the lubrication channels 
the oil sealing sleeves and failure follows. 

Development meehanite oil-seal- 
ing sleeve has solved the problem. 


Battle ships luxury liners 
river barges LST’s, wherever metal 
used their construction, its life 
and durability are enhanced 
chromium chemicals, 

Chromates Zinc other met- 
bonding primers, protect hulls and 
superstructures against the devastat- 
ing corrosiveness salt and water. 
Thin film-like coatings these 
chromates uniquely 
tion scratched surfaces im- 
perceptibly slow dissolving and redis- 
tribution inhibiting chromate ions, 

Corrosion marine diesels 
avoided employing small, inex- 
pensive quantities Sodium Chro- 
mate the engine-jacket cooling 
water. these same engines, the 
life moving parts substantially 
increased hard chromium plate 
cylinder walls piston rings. 
This wear resistant surface, which 
also facilitates distribution lubri- 


cating oils, applied 
deposition from Chromic Acid 
solution. 

salt water fresh, aboard 


ship ashore, chromium chemicals 
reduce corrosion and give longer life 
metals. Consult Mutual’s Researc 
Development Division for possible 
solutions your problems with 
chromates, 


CORROSION—NATIONAL ASSOCIATION CORROSION ENGINEERS 


Gasket Surface Corrosion 
Kunkel, Celanese Corp. America, 


Bishop, Texas. 


E. V. KUNKEL—A 
graduate of the Univer- 
sity of Texas in chemi- 
cal engineering, Mr. 
Kunkel has worked for 
Gates Rubber Company, 
Denver, and came to 
work for Celanese Corp. 
of America, Bishop, in 
1945. Shortly after start- 
ing with Celanese Mr. 
Kunkel began work with 
the Inspection and Cor- 
rosion Sections in the 
Plant Engineering Dept. 
In 1951 he was made 
Section Leader in 
charge of corrosion work 


and in 1953 was made 

Maintenance Engineer- 

ing Group Leader, which 

includes all inspection 

work as well as main- 

tenance engineering. 
Abstract 


illustrated resume research results 
on the variations of corrosion of stain- 
less steels with various gasket materials 


Ig 
My 


SODIUM BICHROMATE 
SODIUM CHROMATE 
POTASSIUM BICHROMATE 
CHROMIC ACID 


270 YORK 16, N.Y. 
Plants: Beltimere ... Jersey City 


presented. Slides showing test equi 
ment and methods and test results 
shown and the remarkable variation 
corrosive attack discussed. 
nation the theory the 
encountered and reasons for the varia 
tions effect are given. Methods 
avoiding mitigating corrosion thi 
kind are discussed also. 


Study the Factors Affecting 


Napko Paint and Varnish Works 

Houston. 

Abstract 

Specific ations are 

stand apparatus and 


approved 
for testing and 


uating resistant 
coatings stated 
tion, pigmentation, 
their 
bility 
Rench 
coating 
investigation was silicone zine 


oxide coating with high 


Informality Prevail 
Non-Technical 

Informality will prevail the 
technical activities scheduled during 
South Central Region meeting Tulsa 
October 7-9. 

buffet and variety show will the 
principal event this year instead 
banquet. Industry suppliers will 
write this affair well the annual 
fellowship hour. 

Entertainment will provided every 
day for the ladies. This includes style 
show, luncheon, visits Philbrook 
Gilcrease art centers and the evenings 
participation the fellowship hour and 
buffet. 

Many also may want attend 
Tulsa State Fair and Livestock 
tion which will underway that week 

South Texas AIChE 

Meet Galveston 

South Texas Section, American 
stitute Chemical Engineers will 
its Eighth Annual Session, 
Galveston, Texas, October 16. 
sions are planned industrial 
chemistry, economics and cost est 
ing, general and student. 

All-Day 
(Continued From 11) 

University Texas, Austin. 
10:20-11 am—Electrochemical Studies 

the Hydrogen Sulfide 

Oil Co., Tulsa. 
11-12 noon—Discussion. 

Thursday, Oct. (Concurrent Sessio 
9-9:40 am—Cathodic Protection 
(Continued Page 13) 


. Wil) 


est 


the varia- 
resin coated weld one exposure from the outside. Air-Cooled Selenium rectifiers are avail- 
are described new technical able from Holcombe Stearns, Inc., 
available from DuPont Co., Resiment, low porosity furane First National Bank Shreveport. 
ting Hea Fabrics Div., 350 Fifth used mortar for acid brick Manufactured the company’s own 
375 degrees product Delrac stacks, large knurled knobs for easy 
are inspected means Corp., Watertown, voltage adjustment and sturdy trans- 
rays emitted special device former taps. The aluminum cases permit 
designed run through pipe lines Ten Basic Types industrial filtration access from sides and plexiglass win- 
Products Ltd., Box 127 Oak- are described Bulletin permits meter reading without 
Ont. film wrapped about the 943 available from Hoffman Ma- the 
procedure weld the pipe line and the device Corp., Industrial Di- 
eval. through the pipe. special vision, Thompson Rd., Syracuse (Continued Page 15) 
stated curie radiation source carried outside 
pigment the pipe, stops the machine the exact 
place inside the weld which permits 
the gamma rays penetrate the welded 
area and 360-degree photograph 
it, Another device for smaller pipe 
a ory 
the From Page 12) 
zine dust- 
high 


are 
the pipe 


Pipe Lines High Resistance Soils 
Martin, Plantation Pipe Line 


Co., Atlanta, Ga. 
vents Humble Pipe Line Co., Houston. 


the Plant Yards with Distributed Anode 
stead Thursday, Oct. 8—Afternoon 

People’s Natural Gas Co., Pittsburgh, 
vided every 


ilbrook Processing Plant Symposium, 


hour and 22:40 pm—A Study Factors Affecting 
Heat Resistant Coatings Joe 

attend Napko Paint Varnish Works, 
Expos 

Greco, United Gas Corp., Shreveport. 

nerican Kunkel, Celanese Corp. 
Session, 4pm—Discussion. 
ver 16. Ses- 
rial 


HOT & COLD APPLIED COATINGS 


Mavor-Kelly always maintains adequate stocks 
Gas Production Symposium, and attention your order. 


October 9—Morning 
Ammonia for 
Hydrogen Sulfide Vapor 
Aspects Using Ammonia Injec- shipments give you on-time delivery. 
tion Prevent Casing Corrosion 
Studies ado Loncaric, Atlantic Refining Co., 
Friday, Oct. (Concurrent Session) 
and Gas Transportation 
Round 

tion Practices Subcom- 
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Write for Rates, 1061 
Heusten 2, Texas 


CORROSION DIRECTORY 


Cathodic Protection Cathodic Protection Engineering Service 


ALL-CO 

CATHODIC PROTECTION 

Design Installation Surveys 
Equipment Supplies 
ALLEN CATHODIC 


PROTECTION CO. 
P. O. Box 386 Phone EDison 2081 
HARVEY, LOUISIANA 


DEUBER LABORATORIES 


Bacterial Corrosion Fungus Resistance Tests 
Soil Performance Tests of Coatings, Tapes, ete, 


Again in 1952, we seed all contractors in 
Magnesium Anodes installed 


Industrial Research 


114 East 32nd Street Telephone: 
New York 16, N. Y. LExington 2-3244 


i 


Cathodic Protection Service 


Engineering - Installation - Surveys 
Material — Supplies 


Everything in the Cathodic Protection Field from 
an Insulating Washer to a Turnkey Contract 
Installation 


4601 Stanford HOUSTON Phone 5171 


NEW ORLEANS TULSA 
1639 Rebert St. 310 Thompson Bldg. 
Phone CH-8310 Phone 2-9857 


CORROSION ENGINEERING 


SURVEYS DESIGNS SPECIFICATIONS 
Impartial Evaluation 


THE HINCHMAN 
CORPORATION 
Engineers 
Francis Palms Detroit 


your shield against corrosion 


PROVEN EXPERIENCE 
Installation, Field Survey, Design 
RECTIFIER SYSTEMS GALVANIC ANODES 


YOU CAN RELY RIO 


CORROSION RECTIFYING CO. 


FRANCIS RINGER 


1506 ZORA ST. HOUSTON CATHODIC PROTECTION 
Distributors and Contractors onsulting Corrosion Engineer 
CATHODIC PROTECTION @ T. D. Williamson Tes? 
oo ae @ Good-All Rectifiers @ ow Magnesium orrosion Tests an urveys, Cathodic Pro- 
Anodes National Graphite Anodes In- tection Design, Supervision Installation, 
Pipe Lines Offshore Platforms struments and Insulation Contract Anode Personnel 
Refinery Gasoline Plant Lines Installations. 
Municipal Systems Barges Hampden Ave. Telephone 8-2863 


NARBERTH (Suburb. Phila.) PENNA. 


New Jersey 


CORROSION SERVICE LIMITED 
Offers CANADA 


A Complete Service in Corrosion Engineering, 
Design and Installation of Cathodic Protection 
Systems. 


Resistivity and Electrolysis Surveys. 
Selection and Application of Protective Coatings. 
Rectifiers — Anodes — Materials 


King St. East, Toronto, Canada 


Coatings and Linings SMITH 
ENGINEERING CO. 


CONSULTING ENGINEERS 
CORROSION PROBLEMS 


CORROSION ENGINEERING 
and application chemical resistant 
linings and coatings 

Exhaust Systems Tank Trailers 
Storage, Plating and Pipe—Degreasers 
Pickling Tanks Filter Presses 
17760 Clarann Avenue 
MELVINDALE (Detroit) MICH. 


Coulter Bldg. Midway 
Ardmore, Pa. 2-9999 


CATHODIC PROTECTION 


Surveys Engineering 
Installation Maintenance 


Instruments 


Electro Rust-Proofing Corp. 
INSTRUMENTS 
For the Corrosion Engineer 
BELLEVILLE 9, NEW JERSEY © TANKS, FLOORS, FUME DUCTS © Copper Sulfate Electrodes 
Atlanta Chicago Dallas Monrovia PROCESS EQUIPMENT Resistivity Rod Pipe Prod 
e COMPLETE LINE OF @ No Cantante Potentiometer with 
PROTECTIVE COATINGS.. Current Ranges 


for special applications; water tanks 
and pipe lines. 


Pipe Coating and Wrapping 


HARTMAN HANKS WALSH SERVING ALL PIPELINES 

PIPELINE ASBESTOS FELT 
Ave. St. Louis 13, COAL TAR ENAMEL COATINGS 


Made Pittsburgh Coke Chem, 
FIELDJOINTERS 
Made American Coating Supply Co. 
Day 
DAY COMPANY 


1973 Gray Houston 19, Tex 
Phone JU-2431 


Cable APCO—Phone FOrest 6222 


SPECIAL COATINGS APPLICATORS 
Sandblasting Painting 
@ Perma-Skin Anti-Corrosion Vinyl Coatings 
@ Spring-Kote Corrosion Resistant Mastics 
@ Dum-Dum Masonoc — A Complete Spray 
Painting Service 


Cathodic Protective Systems 
Designed and 


Coating and Laying Specifications; 
Cerrosion Surveys; Consultation On 


All Types External Pipe Line Corrosion. 


Huddleston Engineering Co. Advertising this Directory costs about $1.25 thousand 


circulation states and foreign countries 


(Complete job or ins! Bi 
| 
| 
4 
Nae” 


September, 1953 


NEW PRODUCTS 


(Continued From Page 13) 


Division, Ernst Bischoff Co., Inc., Ivory- 


RIES Conn., applied the hot dip 
pes, and abrasion metal parts 
ete, 
and tools storage. 
Hard Rubber pumps are being 
the Vanton Pump Corp., Em- 


corrosive materials. Temperatures 
225 degrees are withstood sat- 
the new pump block, the 

Custom Molded thermoplastic, Teflon 


State New York City. The 


REPRINT 


Publication 
Surface Preparation 


For Organic and 
tallation, 

Other Protective Coatings 
8-2863 Second Interim Report NACE 
PENNA. 


Technical Practices Sub-Committee 
6-G Surface Preparation for 
Organic Coatings. 


This report itemizes the various procedures 
used to prepare steels for the application of 
protective coatings, Recommendations as to 
procedures, standards, safety measures are 
given. This second report by NACE TP-6G is 
the culmination of many months of work by 
committee members. The report has been 
carefully prepared and checked by committee 
members with long experience in the coatings 
application 


Paid 
Single Copy 


more Copies one address, 
copy 


Address Orders and 
Make Remittances 
Payable 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


Houston Texas 


Write for Rates, 1061 Bldg. 
Houston Texas 


Pipe Coating and Wrapping 


YOUR ADVERTISING 
this space 
goes over 5400 

readers monthly 


NACE NEWS 


draulic packings manufactured Still- 
man Rubber Co., 581 Marilyn Ave., Cul- 
ver City, Cal., are described 24-page 
catalog available request. 


Protection Steel Piling, casing, 
christmas trees and other metals exposed 
the tidal zone against corrosion 
claimed through the use its “Tidal 
Zone Protective Jacket” Corrosion 
Rectifying Co., 1506 Zora St., Houston 
24, Texas. The method involves fixing 
jacket about the exposed metal the 
tidal zone range with Monel straps and 
pouring into the space between the jacket 
and the metal protected inhibi- 
tive grease, mastic cement. The jacket 
itself made Fiberglas reinforced 
polyester plastic. Because this mate- 
rial’s inertness corrosives and high 
dielectric strength, substantial protection 
against corrosion Jackets can 
fabricated for special installations. 

Spiral Teflon Backup Rings designed 
protect rubber o-ring seals indefinitely 
from extrusion, deterioration loss 
efficiency are available from 
Shamban Co., 11617 Jefferson 
Blvd., Culver City, Cal. 

e 
Powder Metallizing methods are used 
Inc., 1401 Middle Harbor 
Road, Oakland, Cal., spraying coat- 
ings Thiokol, other plastics, zinc and 
aluminum exterior and interior sur- 
faces prevent corrosion. illustrated 
bulletin describing the company’s serv- 
ices available request. 

Hard-facing electrodes and rods for 
wear correction and corrosion preven- 
tion applications are described 12- 
page bulletin available from Alloy Rods 

Steam-Blaster, flat nozzle with pat- 
ented center blade reduces eddy turbu- 
lence the orifice and creates pres- 
sure differential between two flat planes 
steam, American Nozzle Corp., New 
York, claims. More efficient cleaning and 
stripping result this claimed. 

20,000-square-foot new plant for the 
production magnesium scheduled 
built 7500 East 41st St., Tulsa, 
Standard Magnesium Corp. The firm 
will have capacity 4,000,000 pounds 
magnesium yearly its new location. 
Distribution present the aircraft 
industry, oil industry and for alloying 
purposes. 

Vacuum Impregnation, 24-page bro- 
chure describing applications and equip- 
ment for this process, available from 
Stokes Machine Co., 5500 Tabor 
Road, Philadelphia 20, Pa. 


CORROSION DIRECTORY 


Testing 


South Florida Test Service 


INSPECTION TESTING RESEARCH 
ENGINEERS 
(Established 1931) 
Corrosion, weathering and sunlight tests. 
Four locations Southern Florida for 


salt atmospheric, tidewater and total immer- 
sion exposure tests. 


4201 7th St. MIAMI, FLORIDA 


Zirconium now being produced arc 
dissociation halides new process 
developed National Research Corp., 
Cambridge, Mass., for the Atomic 
Energy Commission. The process may 
commercially interesting for the pro- 
duction special grades zirconium 
and titanium but not for volume produc- 
tion these metals. Animal feed food 
additives may produced from sewage 
studies Dr. Lackey, Univer- 
sity Florida, Gainesville, are success- 
ful. Scientific conference solar energy 
will held Sept. 12-14 University 
Wisconsin, Madison. for 
taking three dimensional photographs 
microscope specimens has been devel- 
oped Roy Pence, University Cali- 
fornia, Los Angeles. These items from 
Industrial Research Newsletter, Armour 
Foundation. 


POSITIONS WANTED 
and 
AVAILABLE 


@ Active and Junior NACE members may run 
without charge two consecutive advertise- 
ments annually under this heading, not 
over 35 words set in 8 point text type. 


@ Firms seeking employees, regardless of 


NACE membership, may run an advertise- 
ment of the same specifications in- 
definitely. 

® Advertisements to other specifications will 
charged for standard rates. 


Positions Available 


Corrosion Engineers. Positions available 
for graduate electrical engineers 
equal. Previous field and design ex- 
perience corrosion mitigation systems 
required. Extensive travel involved. 
Salary open. The Hinchman Corp., En- 
gineers, Francis Palms Bldg., Detroit 
Mich. 


Sales Representatives for DEL Protec- 
tive Coatings. Protected territories avail- 
able qualified individuals com- 
panies. objection carrying non- 
competitive lines. Write David Long 
Corp., 220 East 42nd New York 


Positions Wanted 


Chemical Engineer (BS), member 
NACE, desires New England location. 
Age 36. years’ experience process en- 
gineering, corrosion, instrumentation. 
Currently employed Mid-west. COR- 
ROSION, Box 53-13. 


Over 5400 Paid 
Readers Monthly 


Water and Steam 


WATER SERVICE LABORATORIES, 
Specializing Since 1927 


Water treatment for corrosion 
control buildings, boilers and 
air conditioning systems. 


Main Office—423 West 126 Street, NYC 
Offices also Phila. and Wash., 


A 
a 
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4 
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yn 19, Tex 


CORROSION 


“ACP RIDOLINES AND 


Preparation for Painting 


Protection from Corrosion 


“ACP RIDOLINES AND RIDOSOLS” 

Painting 


Chromate Coating, Preparation for 
Painting 


Phosphate Coating, Preparation for 
Painting 


Paint Bonding 


Pickling with Inhibited Acids 
Rust Prevention for Unpainted Iron 


Rust Removal—Brush, Dip, or Spra “DEOXIDINE” 


Visit Our Display 
Space 1104 
Main Exhibition Hall 
Cleveland 
Public Auditorium 


Phosphate Coating, Protect Friction 
Surfaces 


CHEMICALS the 


National Metal Exposition 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


PERSONALS 


Ralph Parker has been elected 
dent Canadian Nickel Co., 
& 
Robert Zinn has been appointed pro. 
fessor chemical engineering North. 
western University Technological 
tute. 


Hillman has been named 
consultant Kelite Products, 


Donald Steinwedel Bristol, Va, 
has been named sales 
The Carpenter Steel Company’s Alloy 
Tube Division for five 
states. 

e 
Frank Bonner has been named Zone 
Manager, Pacific Industrial Sales, for 
The Sherwin-Williams Co. 
quarters will Oakland, 

e 
James McKeon and Warren Clark 
have been promoted sales 
tives for industrial resins Monsanto 
Chemical Company’s plastics 
They are located Cincinnati and 
Louis, respectively. 

Ray Griffin has been named vice-pres- 
for Bart-Messing Corp. 
companies. was formerly 
Christian University. William Hop- 
kins has been appointed vice-president 
charge manufacturing Bart 
Manufacturing Co. was 
sales manager for the company’s 
ciate, Bart-Messing Corp. 


° e 
Richard Puffer has been named as- 
sistant general sales manager; Allen 
Rockwell, manager the Waterbury 
Branch and Robert Vance will 
ceed Mr. Rockwell works manager 
the Waterbury Branch, 
Brass Co. reports. 
Arthur Borden, for years 


the Hagan Corp., Detroit branch, 


his home Detroit July 

® 
American Cast Iron Pipe Co., Birming- 
ham, Ala., announces the following 
sonnel changes: Herrmann has 


been elected vice-president charge 


sales and secretary the firm. 
ceeds Lester Long, who retired 
after years continuous service. 
MacKay has been 


general sales manager succeeding 


Herrmann. 


John Caldwell has joined Day 
Company sales engineer. 
was corrosion engineer with Glenn Mar- 
tin Aircraft Corp. 


Ford has been named 
Chemical Carbon Sales Department 


National Carbon division 
Union Carbide Carbon Corp. 


Henze will head the new 
sales office The Duriron 


Inc., Needham, Mass. 
e 


Albert Bagenstose has 
Eastern regional manager John 


hy 
Miller, Midwestern regional 
burgh. 
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Bibliographic Survey 
Corrosion, 1945 
Postpaid NACE 

members, per copy 
others, not NACE 
members, per copy 

Bibliographic Survey 
Corrosion, 1946-47 
Postpaid NACE 


rs manager 
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owing members, per copy 
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charge members, per copy. 
1945 and 1946-47 
Bibliographies 
vice. 
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others, not NACE 
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Order from NACE, address below 
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Write for Details 
CORROSION ABSTRACTS 
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new how you can get abstracts 
the NACE Abstract Filing System. 
NATIONAL ASSOCIATION 
heen nam! @ of 
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Postpaid NACE members 


GENERAL 


1.2 Importance 


1.22, 5.23, 8.93 


Economics Rectifier Installation for 
Cathodic Protection Bare Pipe Line. 
Oct. 

report 10-yrs. operating experi- 
ence with rectifiers for protec- 
tion 10-in. crude oil pipe line 
the Texas-Gulf Coast Describes 
design the system and 
formance data rectifiers, experience 
with ground beds, current requirements 
cedures with parallel 
foreign structures, and leak frequency. 
economic study made the 
system based upon investment charges, 


operating and maintenance costs, and 
actual power costs. Tables and discus- 
sion. 

1.2.2, 5.4.5 


Rust-Protective Painting Na- 
tional Importance. Further Remarks 
Rust Protection the National 
Economy, /nd.-Lack Betrieb, 19, Nos. 
19-20, (1951). 

Despite increasing lead and linseed- 
oil shortage, still necessary pro- 
duce anti-corrosive paints high pro- 
tective value. Lead can saved 
some extent replacement with ex- 
tender pigments. Numerous natural and 


AER—Aeronautical Engineering Review, Institute 
of Aeronautical Sciences, Inc, 2 East 64th 
St., New York 21, N. Y. 

ALL—The Abstract Bulletin, Aluminum Laborato- 
ries, Ltd. P. O. Box 84, Kingston, Ontario. 

AWWA—Journal, American Water Works Associ- 
ation, Amer. Water Works Assoc., 521 Fifth 
Ave., New York 17, 

BL—Current Technical Literature, Bell Telephone 
Laboratories, Inc., Murray Hill, N. J. 

BTR—Battelle Technical Review, Battelle Memo- 
rial Institute, 505 King Ave., Columbus 1, 


Ohio. 

BNF—Bulletin; British Non-Ferrous Metals Re- 
search Association. 81-91 Euston St., London 
NW 1, England. 

CALCO—Calco Chemical Division, American Cy- 
anamid Corp. Bound Brook, New Jersey. 
CE—Chemical Engineering, McGraw Hill Publish- 

ing Co. 330 W. 42nd St., New York 18, N. Y. 

CEC—Consolidated Edison Co. of New York, Inc. 
4 Irving Place, New York 3, New York. 

EL—Electroplating. 83/85 Udney Park Road, 
Teddington, Middlesex, England. 

EW—Electrical World, McGraw-Hill Publishing 
Co. 330 42nd New York 18, 

GPC—General Petroleum ‘Corp. of California, 2525 
East 37th St., Los Angeles 11, Calif, 

INCO—The International Nickel Co., Inc. 67 Wall 
Street, New York 5, New York. 

IP—tnstitute of Petroleum. 26 Portland Place, 
London England. 

JSPS—Japan Society for the Promotion Science, 
Address: Mr. Hayata Shigeno, Secretary, 
Committee of Preventing Corrosion, c/o 
Government Chemical Industrial Research 
Institute, 1-Chrome Nakameguro, Meguro-ku, 
Tokyo, Japan. 


PHOTOPRINTS and/or 
MICROFILM COPIES 


Technical Articles Abstracted 


CORROSION ABSTRACTS 


May Obtained From 


ENGINEERING SOCIETIES LIBRARY, 
West 39th Street, New York 18, 


CARNEGIE LIBRARY PITTSBURGH, 
4400 Forbes St., Pittsburgh 13, Pa. 
NEW YORK PUBLIC LIBRARY, New 

York City. 


LIBRARY, Office Librarian, Wash- 
ington, (Special forms must 
secured). 


LIBRARY CONGRESS 
Washington, 

JOHN CRERAR LIBRARY 
East Randolph St., 
Chicago 


Persons who wish secure copies 
articles when original sources are un- 
available, may apply directly any 
the above for copies. Full reference in- 
formation should accompany request. The 
National Association Corrosion Engi- 
neers offers warranty any nature 
concerning these sources, and publishes 
the names for information only. 

NACE will NOT accept orders for 
photoprint microfilm copies ma- 
terial not published the association. 


CODE AGENCIES SUPPLYING CORROSION ABSTRACTS 


Neither NACE nor the sources listed below furnish reprint copies. 


MA—Metallurgical Abstracts, Institute of Metals, 
London, England. 4 Grosvenor Gardens, Lon- 
don SW 1, England. 

Mi—Metallurgia Italian. Associazone Italiana 
di Metallurgia. Via S, Paola, 10, Milano, 
Italia. 

MR—Metals Review, American Society of Metals. 
7301 Euclid Ave., Cleveland 3, Ohio. 

NALCO—National Aluminate Corp. 6216 West 
66th Place, Chicago 38, Illinois. 

NBS—National Bureau of Standards. Supt. of Doc- 
uments, U. S. Gov't Printing Office, Wash- 
ington 25, 

NSA—Nuclear Science Abstracts. United States 
Atomic Energy Commission, Technical In- 
formation Division, Oak Ridge, Tenn, 

PDA—Prevention Deterioration Abstracts. Na- 
tional Research Council, Constitution 
Ave., Washington 25, D. 

RA—Refrigeration Abstracts, eeaiees, Society of 
Refrigeration Engineers. West 40th St., 
New York 18, N. Y. 

RM—Revue de Metallurgie, Paris, France. 5 Cite 
Pigalle, Paris (9e), France. 

RPI—Review of Current Literature Relating to the 
Paint, Colour, Varnish and Allied Industries, 
Research Association of British Paint, Colour 
& Varnish Manufacturers, London, Walde- 
grave Rd., Teddington, Middlesex. 

SE—Stahi Und Eisen, Verlag Stahleisen, M. B. H., 
Dusseldorf, August-Thyssen Str. 1. Posts- 
check Koln 4110, (22a) Dusseldorf, Germany. 

TIME—Transactions Institute Marine Engi- 
neers, 85 The Minories, London EC 3, England. 

UOP—Universal Oil Products. 310 South Michigan 
Ave., Chicago, Illinois. 

ZDA—Zine Development Association. 
House, Turl Street, Oxford, England. 
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synthetic media are suggested 
ternatives linseed oil. 

previous report, that 80% 
replacement red lead paints does 
not impair protection against rust 
interior decoration, may false 
economy view the greater need 
for exterior rust protection where pre- 
vious experience has shown only 40% 
adulteration permissible. The German 
Federal State Railways now permit 40% 
adulteration red lead 
but not with red iron 


1.3 Reviews 


1.3, 6.6.4, 8.8.1 

Carbon and Graphite. 
Industrial and Chemistry, 43, 
2199-2202 (1951) Oct. 

Surveys the literature the develop- 
ments and applications carbon and 
graphite the chemical industries, 
references.—BLR. 


TESTING 


2.2 Location Tests 


Subsidiary Paint Tests Birming- 
ham: Final Report. Hupson. Paper 
MG/EA/18/50 Protective Coatings 
Sub-Committee Metallurgy Div., Brit. 
Iron Steel Research Assoc. Iron Steel 
Inst., 169, Pt. 153-156 (1951) Oct. 

Exposure test over years confirmed 
that surface preparation the most 
single factor contributing successful 
protection iron and steel means 
paint, against atmospheric corrosion. 
The average life 2-coat painting 
schemes was times greater pickled 
surface than weathered and wire- 
brushed one. The best the painting 
schemes tested—2 coats micaceous 
iron ore paint—protected pickled wrought 
iron for the whole years. 
Even better results should obtained 
using red lead priming paint under 
finishing coat micaceous iron ore 
paint, Heating weathered surface 
dehydrate the rust, improved the 
performance painting schemes, but 
this was still greatly inferior that 
the descaled and unrusted surface ob- 
tained pickling. Tables give the re- 
sults the exposure tests made.— 


INCO. 


2.3 Laboratory Methods and 
Tests 


2.3.2, 5.4.5 

Accelerated Testing. Hesse. Farbe 
Lack, 57, No. 68-69 (1951). 

short discussion the value ac- 
celerated testing methods. These meth- 
ods are suitable for rough assessment 
simple properties paint system 
for assessing the effect changes 
composition given system, but 
should not used forecast length 
service actual exposure conditions. 
recommended that systems low 
binder content, and rubber paints, 
allowed three days after painting before 
submission test; for systems high 
binder content, the period should 
days.—RPI. 


Measurement the Oxide Film 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


Platinum. (In German). 
und Korrosion, 415-416 (1951) 
the basis previous work 
theory the mechanism oxide 
various results Todt and 
especially the time dependence 
oxygen-containing electrolyte, can 
plained the basis the above theory 


—BLR. 
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tronics, 25, 212-214 (1952) Jan. 

Radioactivity can used source 
electric energy (at low levels) through 
the use “atomic battery” recently 
developed the Ohmart Company 
radioactive energy electrical energy 
obtained cell made two 
similar materials separated filling 
Uses corrosion measurement, analysis 
alloys, gas analysis and measurement 
vacuum, pressure, temperature 
are indicated.—BLR. 


2.3.9 
Specific Surface Area 
Sci. [Izvest. Akad. 
Otdel. Tekh.], 1951, 
The specific surface area iron, copper 
and nickel prepared different 
and before and after annealing were 


2.3.9 
Useful Etchants for Electron 
Corp. Metals (Trans. AIME), 
12, 1171-1173 (1951) Dec. 
Results the use various 

typical metallographic specimens are 
shown. suitable etchant for elect 
metallography must all cases 
preferential attack upon each 
microconstituents 
cathodic etch which develops the 
ture the primary carbide 


are included.—INCO. 


Thickness Non-Magnetic Layers 
Steel. (In Japanese). Osamu 
Mechanical Laboratory (Japan), 
156 (1951) Aug. 
The method consists measuring 
force required separate 
energized a.c. from the surface 
coated steel article, use 
compensating magnetic balance. Thick 
ness nonmagnetic coatings and plat 
measured without destruction. 


Study Method for Measuring 


2.3.9, 2.4.3, 6.2.2 


Institute British Foundrymen. 
pages. 
various methods for the above. 
results obtained radiography, 
sonic flow detection, electrical and 
netic methods, density 
pressure testing, and other 
Gives general conclusions 
mendations. Graphs, tables, 
and 
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New Transhield Pipe Line Felt 
designed for low cost tear-free application 


Transhield lightweight felt, reinforced with suit your method application. Widths are from 
tinuous glass yarns, parallel spaced centers 36”. 

give tear-free application strength. Made coal-tar 
saturated asbestos, Johns-Manville Transhield Asbestos 
Felt acts continuous barrier shield pipe line 
enamels from earth loads and soil stresses. 


Layers 
in), 


Johns-Manville has developed three wrapping mater- 
ials line protection: 
J-M Asbestos Pipe Line Felt (perforated 


surface 


nee, Thick outer sheath retard cold flow, Transhield —for severe soil conditions. 
takes advantage the full thickness the enamel J-M Transhield Asbestos Pipe Line Felt—for aver- 
‘ 
on, effectively toward preserving con- age soil conditions. 
film enamel the pipe line. J-M Trantex polyvinyl pressure sensitive tape—for 


Available 800-ft. rolls pipe line corrosion protection where ease applica- 
I.D.) for power-driven coating and tion important such for emergency repairs and for 
wrapping machines. Other lengths can field joints mill-wrapped pipe. 
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Johns-Manville, Box 60, New York 
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WILKINSON 
LINE 
LOCATOR 


DESIGNED RIGHT 
BUILT RIGHT 


This 
precision 
instrument 
accurately 
spots 
every 
buried 
pipe and 


will 
indicate the 
depth too. 


This substantial carrying 
case supplied. 


The WILKINSON LINE LOCATOR 
provides low cost insurance against 
trouble. 


Its dependability recognized 
leading utilities everywhere. 


WILKINSON 


2.3.9, 3.7.4 


Nuclear-Reaction Radiography. 
Nature, 168, No. 4262, 39-40 
(1951). 

The method similar autoradiog- 
raphy, but may used when the ma- 
terial detected not itself radio- 
active. Secondary particles generated 
the material neutron irradiation are 
placed contact with the material. 
-particles generated the boron the 
iron-boron alloy revealed the distribu- 
tion boron quite accurately. The method 
particularly useful when the element 
detached has radio-active iso- 
tope, and when this element has much 
higher probability reacting with the 
incident neutrons than any other element 


2.3.9, 3.7.4, 6.3.10 
Radioactive Isotopes Metallurgy. 


Intern. Chem. Eng. Process Inds 
No. 381-382, 385 (1951) 

Studies which radioactive isotopes 
have been used. Diffusion and 
fusion, properties alloys, corrosion 
effects, metal cleaning, friction studies 
electroplating and factory-scale 
gations are discussed. Radioactive tung. 
sten (W185) has been used determine 


2.3.9, 8.9.5, 2.4.3 

Gamma-Radiography Shipbuilding 
Inst. Marine Engrs., 63, No. 
(1951). Engineering 171, No. 4442, 
(1951). 

Hislop defines the terminology em. 
ployed radiography and the 
relative activities and “half-value” pe. 
riods the various Y-ray sources 
able industry. The factors 
the correct choice source are dis. 
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From Our 


WRITE TODAY 


Pronounced 
Spelled Backwards 


"ORTH Kansas city. 


cussed, and techniques employed for the 
examination typical castings are de- 
scribed. Hislop compares the merits 
methods applying Y-ray sources with 
those using X-rays and outlines the lim- 
itations both techniques.—MA. 


2.4 Instrumentation 


2.4.2, 2.3.9 

New Technique Corrosion Study. 
Electrochem. Soc., 98, No. 125C, 
(1951) Sept. 

new technique for the study cor- 
rosion processes has been developed 
the Armour Research Foundation 
Chicago. The method called the “roto- 
generative technique” and employs 
rotating cylindrical corrosion specimen 
scanned stationary reference elec- 
trode. The signal sensed the refer- 
ence electrode amplified and presented 
oscilloscope. The resulting pat- 
tern represents the voltage distribution 
across the specimen 


2.4.2, 3.5.8 

Tension-Impact Machine for Stress- 
Commonwealth Australia, Dept. 
Supply Aeronautical Research Lab., 
Structures and Materials Note, No. 195, 
1951, pp. 

The machine described was designed 
study the behavior surface films 
arising from the corrosion aluminum. 
Steady, impact, cyclic axial loading 
can given turn two tension 
springs, one for minimum and the other 
for maximum load. The change from 
minimum maximum load occupies 
0.2 seconds. 

Operation number machines 
the same frequency, but different 
load ranges, possible connecting 
them all one solenoid valve energized 


2.4.3 
Nondestructive Crack-Detection 


Method Using Radio-Active Indicators. 


you use fastenings brass, bronze, 


copper, Monel, aluminum any stainless 


369 (1951) Oct. 

Describes above method and illustrates 
micrographs and 


2.4.3, 1.2.5 

Observations the Practice 
Gamma-Ray Inspection. 
Industries, 26, No. 308, 159-165 

description equipment and 
sonnel protection when using 
radioactive sources examination 
material defects. Examples 
tion are 


2.4.3, 2.3.9 

Non-Destruction X-Ray Method 
for the Determination the Thickness 
Surface Layers. Gay and 
218-222 (1951) Aug. 

Method suitable for all 
reflection coefficients different from 


the matrix. blank experiment 


required and the method applicable 
single crystal bases. Theory and pro- 


2.4.3, 2.3.9, 1.6 

The Non-Destructive Testing 
High Duty Alloys, Ltd., Slough, Bucks, 


Institute Metals Monograph and 


port Series No. 10. 
Metals, Grosvenor Gardens, London, 
1951. 164 pp., illustrations. 
Price 21s., post free. 

this monograph, Dr, Hanstock has 
made comprehensive survey the 
various methods that are available for 


the non-destructive testing 


ranging 
ods crack detection the use 
X-ray diffraction for the determination 


grain-size and orientation and for the 


measurement internal stresses. Spe- 


cial attention devoted 


capacity measurements means 
non-destructive testing. 

Throughout, emphasis laid the 
physical bases the methods 
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with specific examples their applica- 
tion many cases. The use the 
which are given, tabular form, the 
properties that may assessed non- 
destructive means, the various methods 
applicable each case, and brief com- 
ments their suitability 


2.4.3, 2.4.2 

Non-Destructive Testing Tungsten 
and Molybdenum Wires with the Draht- 
(Wire-Flaw-Kawimeter). 
(In German). Metall, 
Nos. 15-16, 335-336 (1951) Aug. 

Brief report successful use this 
instrument detecting both internal and 
surface flaws. The instrument not de- 
scribed but presumably variation 
the Durokawimeter.—BNF. 


CORROSION PHENOMENA 


3.2 Forms 


3.2.2, 6.2.4 

Effect Hydrogen the Properties 
Iron Steel Inst., 169, Pt. 
209-220 (1951) Nov.; Metal Progress, 61, 
114+ (1952) Mar. 

Method described which hydro- 
gen introduced into steel specimens 
heating them the gas high 
pressures. The deleterious effect hy- 
drogen the ductility low-alloy 
steels, containing 0.10-3.69 nickel was 
investigated and shown reproduc- 
ible, provided that their heat-treatment 


Typical Van-Cor 
pipes and fittings 
fabricated specifi- 
cations Van Dorn 


INDUSTRIAL PLASTICS— 


Both Chemically Resistant and 


Impact Resistant Types 


Tensile Strength Aluminum, with 
one-half its weight 


Readily Formed, Machined, Drawn 
Molded Welded 


AVAILABLE FORMS 


SHEETS through 


PIPE through diameter 
(10 ft. lengths) 


ROUND BARS through 
diameter (10 ft. lengths) 


WELDING ROD and diameter 


TYPICAL APPLICATIONS 


Van Dorn fabricates its Van-Cor rigid non-plasticized 
chloride into such products as: Ducts, Hoods, Chemical Tanks, 
Tank Liners, Plating Racks, Fume Stacks and Piping. 


WRITE FOR ILLUSTRATED BULLETIN AND SPECIFICATIONS 


PLA 


SUBSIDIARY 


THE VAN DORN IRON WORKS CO. 


2685 East 79th Street 


Cleveland Ohio 


also considered. Hydrogen additions 
have the same effect whether carried out 
technique. Graphs show hydrogen em. 
brittlement comparisons various 
steels, and tables give the analyses 
the steels used and the effect hydro. 
gen the impact values nickel. 
chromium-molybdenum steel. refer. 


ences.—INCO. 


3.2.2, 6.2.5, 3.7.1, 3.5.9 


885° Embrittlement the Ferritic 
Steel Co. Metal Progress, 60, No. 
(1951) Aug. 

The 885° embrittlement the fer. 
ritic stainless steels characterized 
increase hardness, tensile strength 
and yield strength and decrease 
ductility and impact strength. Changes 
electrical resistance density, magnetic 
properties and corrosion resistance also 
occur. These changes mechanical and 
physical properties occur after the steels 
have been heated the temperature 
range 700-1000° F., and have been 
observed tests made room tem- 
perature and tests made the embrit- 
tling temperature. Neither additions 
alloying elements (chromium, carbon, 
titanium, niobium, molybdenum, 
phorus), variations heat treatment, 
nor elimination impurities have pre- 
vented these gradual changes the hot 
alloy. For pure iron-chromiui alloys, 
caused the precipitation sigma 
phase. Graphs, tables and references 
are 


3.2.2, 6.4.1 


Mechanism Intergranular and Stress 
Corrosion Aluminum-Magnesium and 
Aluminum-Zinc-Magnesium Alloys. 
PIERRE JACQUET. Compt. rend., 233, 
873 (1951) Oct. 

When aluminum-base alloys, such 
(aluminum-magnesium) and Zicral 
(aluminum-magnesium-zinc), 
mersed neutral sodium chloride 
tion, they suffer deep fissuration the 
result intergranular attack which con- 
tinues even after the alloy 
rinsed and immersed cold water, The 
finer its grain structure, the more 
tense the corrosive attack. Zicral 
very susceptible intergranular 
sion when tempered 465° The same 
corrosion phenomena are also 
sensitized sample when coupled 
with less susceptible specimen the 
same alloy. 


corrosion presumably involves chemi- 
cal chain reaction which the 
anodic areas the alloy, usually minute 
work hardening, are attacked 
ride ions with evolution hydrogen 
formation aluminum chloride. Hydroly- 
sis this compound yields 
aluminum 
mina) and free hydrochloric acid attacks 
additional anodic areas and renews 
the cycle. this manner, minute 
crazings, pits, fissures are 
and deepened. 

Increasing the the dium 
addition sodium hydroxide does 
inhibit this type corrosion once dee? 
pits and fissures have been formed, be- 
cause the hydroxide cannot reach thest 
areas where hydrochloric 
tinuously formed. corrosion 
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No. 
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coating 
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Tank 
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Regardless the age and life expectancy your storage vessels, Spring-Kote 
No. good investment. Savings operating costs equal the cost pro- 
tective coating less than months. Because its long life and resistance 
corrosion, Spring-Kote the nearest thing permanent protection money can buy. 


SPRING-KOTE STAYS PUT 

more, metals covered with new 
are protected against corrosion, for Spring- 
Kote excellent vapor-barrier, adheres 
tenaciously, crack sag, resists acids 
and alkalies, fumes and vapors—and can 
applied thick without mechanical 
support, even over damp surfaces. 


NO. HAS MANY USES 

deadens sound, controls condensation, 
waterproofs, retains form and efficiency 
throughout the wide temperature range 
—40 450°F. Spring-Kote equally 


effective hot cold insulation. 


AMORPHOUS FILLERS, ONLY 
Like all Spring-Kote spray-on asphaltic 


PACKING CORPORATIO 


mastics, contains flake crystalline 
fillers, water, tar, coal tar solvents. The 
high percentage ground cork, which gives 
its excellent insulating characteristics, 
uniformly distributed throughout the carrier, 
completely enveloped and fully protected 
from moisture-penetration. 


YOURS FOR THE ASKING 


3-cent stamp will promptly bring you 
recommendations and full information 


modern Spring-Kote protection. Your own 
maintenance crews Authorized Applica- 
tors the job quickly and easily. Write 
today. 


CHICAGO ILLINOIS 
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(STOPS CORROSION, TOO) 


HERE’S the savings when oil 


tanks receive Spring-Kote protection: 


332 SOUTH MICHIGAN AVENUE 


1894 


rorected ximum oil 
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CLEANING, COATING, WRAPPING RECONDITIONING 


HOT DOPE 
Straight from the Kettle 


PIPE PROTECTION 


Boyd Mayes 


banker friend dropped recently 
pass the time day and ended 
passing along some what called 
fatherly advice. 


“You ought tear yourself away from 
this plant for change, and relax. Take 
long trip, maybe Europe, maybe Asia. 
been too many years all work, 
play. You should lay off and take REAL 
trip around the world.” 


Maybe the guy had something. Every- 
body needs rest. Personally, though, 
were never much travel. around 
Huntsville, Texas, where came from, 
about the farthest you ever got away from 
home was the distance you followed 
old hound dog into the piney woods look- 
ing for ‘coon. Besides that 
with the way things are going right now, 
the folks Europe and Asia need rest 
durn sight more’n do. So, figure 
just stay here with the job 
Cleaning, Coating, Wrapping and Weight- 
ing pipe. gets too tiresome can 
always stroll back Walker County 
and turn the old hound loose again. 


But, that banker least got think- 
ing. It's thousand miles (as the crow 
flies) around the world. That makes 132 
million Our records show that 
years staying home and working 
conditioned almost exactly 350 million 
feet pipe, including all sizes. all this 
work were laid end end and started 
following around the world 
nearly three times. May sound like silly 
thinking ... but what trip that would 


HOUSTON, TEXAS 


7: 


slowed down and stopped cathodic 
polarization and the 
droxide deposit; however, mechanical 
stresses disrupt this protective layer and 
expose and reactivate the alloy surface. 
the absence subsequent deforma- 
tion, annealing 130° C.. prevents in- 
tergranular corrosion aluminum-zinc- 
magnesium alloys, because this treatment 
shifts their electropotential more pos- 
itive values. 


3.2.2, 6.4.1 

Procedures for Determining the Gas 
Content Light Metals (Hydrogen 
Aluminum Alloys). the 
Methods. II.—Routine Procedures, III. 
—Laboratory Methods. (In 


HOW CHOOSE 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


(1952) Mar. 


Metall, No. 5/6, 


Part Solution equilibrium and blis 
ter formation. Part II. Qualitative 
ods (measurement densit 
and comparison the surface before 
and during solidification, vacuum cast- 
ing test, and observation 


formed 


heating 


solid 


Castings 


quantitative (Dardel’s vacuum) 


ods. Part 


The 
method (which considered the best) 
degassing ionic bombardent, 


“hot 


extraction” 


chemical methods (solution 
disulphide and bromine, flushing with 
chlorine). references.—BNF, 


3.2.2, 8.4.3 


‘ecom. “ery 
recom. 
mended 


STICKING 


thick baked-on, rubber-like lining polyvinyl chlo- 
ride, centrifugally cast one coat. TK-2 CORROSION (Std.): 
10-coat application baked-on phenol formaldehyde plastic. 
TK-2 PARAFFIN (Special): 5-coat application specially 
compounded baked-on phenol formaldehyde plastic. 
TK-88 TEFLON: high-temperature anti-sticking coating ma- 
terial known polytetrafluorethylene. 


Tube-Kote, Inc. 
Box 20037, Houston 25, Texas 


Please send full details your products. 


Just off the press: New 
complete data bulletin 
TK-43. Write for your 


copy. 


115-123 


and 
meth- 
Castings 
before 
blisters 
and 
traction” 
best), 
ont, and 
with 


RESIST, 
SCALING 


1953 
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With 
3-inch graphite 


anodes 
Keep down pipeline upkeep with low cost, like this 
low maintenance CPS graphite ground 
anodes. Get the facts. Write, phone wire 
for descriptive bulletin 101. 


cathodic protection service 


Suppliers dependable, effective CPS ground anodes made 
exclusively from Great Lakes Carbon Corporation graphite. 


HOUSTON: 4601 Stanford St., Phone TULSA: 314 Thompson Bldg., Phone 2-9857 
NEW ORLEANS: 1639 Robert St., Phone CH-8310 


d ): Le 
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Rustbond Primer will keep them together even corrosive, 
humid dirty atmospheres, without peeling. inter- 


mediate coat necessary. 


You can brush Rustbond Primer right over lightly wire- 


brushed rusty steel without expen- 


sive surface preparation. 


perfectly compatible with nearly all vinyl base 


finishes. 


Other Unique Features 


RUSTBOND PRIMER 


contains new vehicle which wets and acts rust 


forming water oxygen. Bond steel 
increases with time. Part the rust disappears, 


coats sharp edges heavily does flat sur- 
faces. Failure vinyl finishes the sharp edges 


structural steel drastically reduced. 


is, itself, good acid-and solvent-resistant coat- 


ing. Reduces undercutting corrosion steel exposed 
physical damage. Does not have immediately 
covered with topcoat. 
easy apply. Just stir and brush like regu- 
lar paint. Costs more than good red 


lead primer. Only one coat required. 


See Bulletin 150 for the results 
rigid tests made Rustbond 
Primer the country’s largest 
chemical plants. 


COMPANY 


Thornton Louis 19, Mo. 
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AND Banta. Oil and 
50, 101-102, 105-106 (1951) Oct. 

Graphitization 
spectacular failures near failures 
steam lines, which have been 
investigated during the past years 
More recently, was found that the 
same phenomenon may present 
petroleum refining, especially 
lytic cracking. Briefly explains the 
nomenon graphitization and outlines 
available information which applica- 


ble the petroleum refining 


BLR. 


Report Investigations into 
Stress-Corrosion Cracking 
Gas Mains. Institution Gas Engineers 


(London), Communication 


pp. 

Studies the above showed that the 
cracks are intercrystalline typical 
other examples stress-corrosion crack. 
ing, that they are with the 
welds, that cracking 
from the inside main, and that 
cracks are frequently associated wit! 
irregularities the weld bead. 
nitrate-solution test seemed 
factory for determining relative suscep- 
tibility steels this crack- 
ing. 


3.3 Biological Effects 


3.3.2,3.3.3, 1.7.2 


Littoral Diatoms Chichester Harbour 


with Special Reference Fouling. 
Pt. 1-86 (1951). 

The diatom considered in- 
portant element fouling. Diatoms that 
occur fouling are classed “slime- 
formers” “non-slime formers,” 
are further divided basis modi 
vivendi, without reference 
affinities. The significance the 
roles played the diatom and 
terial components tentatively 


vanced factor that affects the 
fouling properties the paint the 


affecting the the slime. Meth- 
ods for cleaning and preparing material 
for examination are described. 


distribution charts are appended, 


descriptions and citations provided 
all diatom species (exclusive 


planktonic ones) that have been 
corded anti-fouling paint from 
Admiralty’s exposure sites 


Harbour. Two species, previously 
known science, are described. 
given showing the relative 
fouling paints containing cuprous 
—RPI. 


3.4 Chemical Effects 
3.4.6, 6.3.20 


The Reaction Zirconium Metal Su- 


faces With Oxygen. 


Memorial Inst. Feb. 25, 1952. 
(BMI-727). 

Oxygen 99.5 99.6% pure was 
over magnesium chlorate 
brought into contact with 


zirconium specimen was 


1100°C for the duration the 
was found that oxygen reacts with 


constant temperature between 
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22- 


Journal, 
ailures 
horoughly 
that 
cata- 
the 
outlines 


making corrosion surveys, most 
into the engineers find that meter re- 
cord pipe-to-soil potentials most 
often required—an instrument for 
specifi tand- 
that the this specific duty should sta 
typical ard among your equipment. 
sion crack- 
with 
field engineers low cost in- 
& 
Harbou requiring trained operating 
atoms that 
The Model 22-E Meter furnished with heavy plastic case, 
with large rubber feet, test leads, and removable lid. NGES 
leather carrying handle and snap lock are provided. FOUR POTENTIOMETER RANGES are 
the ments, providing accuracy Galvanometer controls DIRECT VOLTAGE RANGES volts, 
the are arranged allowing the operator balance the instru- volts, and 100 volts; sensitivity: 
. Mell eye 
ments easily and accurately. Initial unbalance current should 1000 ohms per volt. 
never exceed milliamperes. AMPERE ampere, 500 mil- 
liampere, and 100 milliampere avail- 
Operation from two volt flashlight cells, easily replace- able. 
able. Replacement elements should seldom necessary. 
een 
from 
PRICE COMPLETE 
WITH BATTERIES 
sous oxide ® 
INC. 
Full Information, Write, Wire Teletype (HO-561) BRANCE-KRACHY INC. 
4411 NAVIGATION BLVD., BOX 1724, Box 1724, Houston, Texas 
ster, Eatt Please send me details on your B-K Model 22-E Poten- | 
2850 FLORENCE ST., HUNTINGTON PARK, CALIF. 
BOX 13, UPPER MONTCLAIR, NEW JERSEY Company Address 
the 
with 1344 GRISWOLD ST., PORT HURON, MICH. 
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nium rates which appear close 
parabolic (square-root function 
time) 600°C, decrease one-fourth- 
power function time 875°C, and 
increase parabolic above 1100°C. 
This behavior, contrast expected 
parabolic rates, thought brought 
about some effect the transition from 
alpha beta zirconium (865° 10°C). 
empirical equation which expresses this 
behavior may written follows: 


oxygen reacted ml/cm’, 


Energies activation temperatures 
the neighborhood 300°C (alpha 


Anodes. 


Let Pipeline Anode Corp. 
handle your complete corrosion 


zirconium) and 1500°C (beta zirconium) 
have been approximated being 16000 
cal/mole and 112000 cal/mole, respec- 
tively. Large probable errors these 
values make comparisons with other re- 
ported values inconclusive. pressure 
dependency the reaction was observed.— 


3.5 Physical and Mechanical 
Effects 


3.5.3, 3.4.6 

Influence Roughness and Oxidation 
Wear Lubricated Sliding Metal 
Surfaces. Davs. Annals the New 
York Academy Science, 53, art. 919- 
935 (1951) June 27. 

Measurements were made, room 
temperature, the wear flat steel 


protection installation 


Highest quality AN-SPEC Magnesium 


complete engineering service for 
analyzing your requirements. 


handle your complete Anode 
installation. 


your personnel are all tied with 


why not let handle all your corrosion protection 


problems. supply the best high quality mag- 
nesium anodes and our experienced crews can handle 
the installation. Our engineering department 
your service recommend the type installation 
high quality, yet economical job. 


Anodes manufactured Magnesium 
Division Crose Manufacturing Co., Inc. 


pressing against the lower end 
vertical cylindrical tungsten-carbide 
another apparatus reciprocating 
tion produced rubbing 
Effects surface-active agents and 
were studied, Results are charted 


3.5.8, 5.3.2, 2.3.4 


The Influence Different 
Coatings the Fatigue Strength 
before World Metallurgical 
gress, Detroit, Oct., 1951. 
World Metallurgical Congr., ASM, 
606-612. 

Fatigue tests were carried out 
number steels with and without 
face coating zinc, tin, cadmium, 
and chromium. The tests were 
out air, tap water and 3°% salt 
afforded good protection. 
water only zinc was found give 
factory protection, For oil-hardened 
annealed shaft steels 
was found reduce the fatigue limit 
air considerable extent, though 
tempering temperature was well aboy 
the temperature zinc bath. 
lytic zine coating, the other hand, 
appreciably reduced effect. 
and references are given.—INCO, 


3.5.9, 6.4.2 

Aluminum-Steel Alloy Offers 
Resistance Oxidation and Heat 
Materials and Methods, 35, No. 
(1952) Feb. 

The Cambridge Wire Cloth Co., 
bridge, Md., has announced the 
duction Cambriloy-Al, new 
for fabricating woven 
belts for annealing and decorative 
glass manufacturing plants. 
specially developed aluminum-steel alla 
surfaced wire which said offer 
tremely high degree resistance 
oxidation and heat scale. When 
operation, the heat the 
duces hard coating aluminum 
the surface the wire. The alu 
num coating actually alloys with 
steel form alloy surfaced 


ALL, 


Method and Apparatus for 
the Resistance Metals 
Met., No. 241-250 (In 
(1951); Inst. Metals 
Abs., 19, No. 546 (1952) Mar. 
Constant-load and constant-strain 
ods testing the resistance 
stress corrosion are reviewed. 
former are characterized rapid 
ture the specimen and small 
method (Vortrage der 
1938 Deut. Ges. Metallkunde, 
M.A. 245), which constant 
ing load applied the 
compared 
Smialowski’s method, employing 
stant tensile load. Steel 
composition 0.1 carbon, 0.41 
silicon, 0.12 copper, 0.036 
phorus, 0.034 aluminum, and 
were soaked for minutes 
tests 40% aqueous ammonium 
solution, 90°-100° Smialow 
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nts and 
taby. 


trength 
gical Con. 
Proc. 
ASM, 1951, 


salt 
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gue limit 
though 
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Our New Epon Resin Coating 


“COPON” now giving industry truly remarkable new kind 
protection against rust and corrosion from chemical fumes, acids, 
and salt water. And combining its revolutionary 
protective qualities with other such desirable features remark- 
able elasticity, exceptional long life, phenomenal tenacity all 
types metals. May give you more facts—or send you sample 
for your own testing? 


Co., 
orative 
offer 
lehr 
minum 

The 


for 
Mar. 
met 
rapid 
nall 
ptversamm= 
nde, 1938, 2 
jloying ae 


Available Prim- 
ers, Finishing Ena- 
mels and Paints 
all colors. 


es at 91”) 


Paint Lacquer Co. 


rect. 
Heat 
No. 2, 18 
: 


requires smaller amount 
shorter duration with loads 
80% Ultimate Tensile Strength and 
gives smaller scatter results with 
Brenner’s method. therefore pre- 
ferred. references. 


method 
tests 


PREVENTIVE MEASURES 


5.2 Cathodic Protection 


5.2.1, 6.4.2 

the Cathodic Protection Alu- 
minium and its Alloys. Light Met- 
als (Japan), No. 91-95 (1952) Aug. 

The cathodic protective method for 
aluminum and its alloys from corrosion 
various electrolyte solution was stud- 
ied. general the cathodic current den- 
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sity adequate magnitudet applied 
the external can fairly protect 
aluminum and its alloys from corrosion 
various solutions except the alkali. 
the case salt solutions for example 
sodium chloride, aluminum can also 
protected cathodic current, provided 
that the current density not too high. 
the current density exceeds the limit- 
ing value, the cathodic corrosion does 
occur. The condition necessary pro- 
tect aluminum and its alloys from cor- 
rosion various solutions can sum- 
marized follows: 


Contact aluminum and its alloys 
with baser metals such can als 
protect aluminum, for the actual 
urement the current through the cir. 
cuit these combined metals and 
showed just the same amount 
tioned the above table. The 
current the Alclad duralumin 
afforded aluminum coating also 
the range protective condition 
the table. 
both the upper and lower limits for the 


Table 
Electrolyte. ..... 0.5N 0.5N 1N 1N 0.1N 
For Al For 248 For Al For Al For Al For Al For 4) 
Protective current density (A/cm?) 2-7 3-6 >s >35 >450 >5000 : 4 


Until recently mechanical weakness 
and high costs have discouraged 
the large-scale use insulating 


couplings gas distribution sys- 


tems. Now comes PESCO safe, 
economical, rugged, easy install, 
and assuring permanent electrical 
insulation. 


BOx 1037 


1097, 
woarn. 


Insulate your distribution system with 


COUPLINGS 


PESCO couplings are designed 
and built stand under all 
types extreme operational 
conditions. They are molded 
nylon under high pressure. 
Nylon thermoplastic resin 
which comparable thermo- 
setting resins physical prop- 
erties and far superior chem- 
ical resistance and the ability 
withstand bending, side thrust 
and shock. They stand pressures 
1100 psi the 34” and 
sizes and are not affected 


PLASTIC ENGINEERING AND SALES CORP. 


BOX 1037 


LAST! ECONOMICAL, SHOCK 
RESISTANT INSULATING COUPLING 


AG 


80x 1037 


temperatures 300°F. 
Molding forms perfect threads 
and wall” inside 
the coupling provide fool- 
proof electrical insulation and 
added sealing ability. special 
locking device prevents the coup- 
ling from turning slipping 
its steel sleeve. 


PESCO couplings may in- 
stalled your regular workmen 
with their standard operating 
procedures. Available all sizes 
from 34” 2”. 


FORT WORTH, TEXAS 


196a 


The current density above the 
limit produces bad effect. 

metal which too 

causes corrosion the latter. For 
ple, the contact with 

ates the corrosion and 


alloys sodium chloride lution, 
coating materials alclad plate 
supply the sufficient 


the core alloy, but must exceed 
critical value. 

The cathodic corrosion 
and its alloys not due 
the cathode the case stainles 
steel, but due the cathodic 
caustic electrolysis salt solution 
the current so-called cathodic 
tection.—JSPS. 


tection. Am. Water Works Assoc, 
883-896 (1951) Nov. 

Describes briefly the fundamentals 
and the mitigation any 
corrosion that may caused 
current 


Technical Practices Cathodic 
tems. 


5.4 Non-Metallic Coatings and 
Paints 
Ceramic for Hot Spots. 
Jr. Aero Digest, 63, (1951) Aug. 
Work Ryan Aeronautical Co. 
application ceramic coatings 
haust manifolds powerful new 
engines. Application procedures and pain 
5.4.2, 3.5.9, 8.9.1 
Recent Ceramic Coatings for 
No. 12, (1951). 
ceramic coatings developed the 
National Bureau Standards 
tended for application the 
systems aircraft engines. 
then fired for few minutes 
(1000° C.). The coatings give 
against scaling and intergranular 
free frit (glass) with 
chromic oxide. The fired 
colored layer can have 
nesses between 0.001 and 
results tests Inconel parts 
with A-417 are 
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You can’t stop bear with fly swatter 


its alloys 
Can 
ual 
the 
and alloys 
t as men 
cathodic 
also 
shown 


alloys has 
for the 


NaOH 
0.00501) 
For Al 
) . 


Tmpossitie 


solution 
miact with 
For 
and 
lution, The 
plate must 
exceed 


aluminum 
reduction 
evolved 
ithodic 


You can’t stop corrosion with ordinary paints... 
takes BITUMASTIC COATINGS! 


thodic 


CORROSION can’t stopped or- BECAUSE Bitumastic Coatings pro- caused moisture—acid 
coatings. They can’t protect against corrosive elements—a 


Bitumastic Coatings can! film thickness conventional paint ation concrete. Use the coupon for full 
tical Co. the Pro- coatings. information, see our catalog Sweet’s 


new Coatings, unlike maintenance BECAUSE Bitumastic Coatings stop 


ures and paints, are specially formulated from 
acoal-tar pitch base* that is, for all 


you keep moisture Please send me, without charge obligation, information corrosion 
the 
The coat! 


dipping 
at 1850 
used 


1 rolled thick 
in. 
MA. 


KOPPERS COMPANY, INC., Tar Products Division, Dept. 904-T, Pittsburgh 19, Pennsylvania 
OFFICES: BOSTON, CHICAGO, LOS ANGELES, NEW YORK, PITTSBURGH, AND WOODWARD, ALA. 
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Equitable Gas System and Over 
100 Others Use Roskote and 
Glas-Wrap the 
Pipeline Jobs 


Equitable Gas System, covering large 
areas Western Pennsylvania, West 
Virginia and Kentucky, uses non-toxic 
Roskote cold-applied mastic and Roy- 
ston Glas-Wrap. They, well over 
100 other major utilities and pipeline 
companies, know that Roskote and 
Glas-Wrap give pipelines peerless, 


long-time protection. 


Upper Right—An Equitable Gas System 
20” line through rough country. Upper 
Left—First coat Roskote being 
sprayed this line the field, 
primers needed. pipe 
then wrapped with Royston Glas-Wrap 
and given second coat Roskote. 


Not just the easy jobs for Roskote! It’s tough 
enough withstand the abrasion and corrosion 
any soil, keeps its flexibility from -40° 
375°F. without brittleness sag. Utility and 
pipeline companies know they can forget their 
corrosion worries when their pipe 
Roskote applied dries fast 
save time and non-toxic. resists acids, 
alkalies and moisture—has electrical resis- 
tivity megohms per square foot. 


For Complete Technical Information and 
Free Samples Write to: 


ROYSTON 
LABORATORIES, INC. 


BOX 112-E, PA. 


5.4.2, 4.2.3, 3.5.9, 8.9.1, 6.5 


Ceramic and Special Alloys. 
Ryan Aeronautical Co. Aeronaut. 
Eng. Rev., 10, No. 11, 24-30 (1951) Nov. 
See also: Ceramic-Coated Exhaust-Sys- 
tems. Aircraft Prod., 13, No. 157, 357-362 
(1951) Nov.; Iron Age, 168, No. 21, 81-85 
(1951) Nov. 22. Automotive Inds., 105 
48-50+ (1951) Nov. Metal Progress, 
60, (1951) Dec. 

Results series tests conducted 
with ceramic coated exhaust system 
components the Ryan Dev. Labs 
showed that the ceramic provided the 
protection necessary extend the life 
19-9DL stainless steel elevated 
temperatures encountered aircraft 
service. deterioration oxidation, 
carbon absorption, corrosion attack 
was evidenced the components pro- 
tected the ceramic coatings for test 
periods running 1,623 hours. 
mal shock resistance test showed that 
the ceramic coating, Bureau Stand- 
ards No. A-417, not affected ther- 
mal shock encountered exhaust 
system service any temperature be- 
tween —75° and 1,700° and that 
will stand surprising amount me- 
chanical impact without sustaining dam- 
age. Exhaust headers for testing were 
fabricated the following materials: 
19-9DL steel, 17-14 copper- 
molybdenum, 310 mod. steel, 
310 with cobalt added, Inconel N-155 
(Multimet) and Hastelloy Tests con- 
sisted metallographic examinations, 
photomicrographs, spectrographic analyses, 
micro-hardness readings, and dial gage 
micrometer observations.—INCO. 


5.4.2, 6.2.3, 3.5.9 


High Temperature Coating for Steel. 
Eng. and Boiler House Rev., 66, 249-250 
(1951) Aug. 

report recently issued the Indus- 
trial Gas Development Committee the 
Gas Council related method 
protecting mild steel against the effects 
high temperature method, known 
the process, and which 
involves coating mild steel parts with 
refractory facing. the report 
stated that unprotected mild steel not 
suitable for long periods use 
oxidizing atmosphere temperatures 
above 500° has hitherto been neces- 
sary resort the use heat-resisting 
steel cases where material having 
the mechanical properties mild steel 
had exposed continuously tem- 
peratures much excess that figure. 
the cost heat-resisting steel 
about twelve times that 
and furthermore the fabrication arti- 
cles from heat-resisting steel usually 
considerably more difficult than from 
mild steel the resulting article manu- 
much more expensive. The new process 
consists carrying, borosilicate 
matrix, suspension insoluble refrac- 
tories and bonding the metal sur- 
face fusion about 800° C., The 
treatment may consist single homo- 
geneous coat approximately 0.004 
inch thickness applications where re- 
sistance oxidation only required, 
may comprise two coats, the upper 
one being porous, 0.020 inch 0.060 
inch thick and more refractory than the 
lower one. The properties the coat- 
ing depend upon the proportion re- 
fractory matrix, the particle size, the 
number layers present and porosity 
the upper face—it being always non- 
porous the metal 


5.4.2, 8.4.5 

Enamels for Metals. 
AND McVay. Atomic Energy 
Commission Publ., Oct. 24, 1951 (ORO. 
47), pp. 

Vitreous enamels were required 
shielding nuclear reactors and pro- 
vide both protection from oxidation and 
thermal insulation iron plates 
peratures greater than 1100° Enamels 
with barium oxide content 60% had 
long firing range, matured from 
1420° C., and gave high-luster coat. 
ings, but were not resistant strong 
acids although partially resistant mild 
Coatings 
60% lead oxide matured 
had short firing range, and resembled 
those with 60% cadmium oxide. 
compositions for ground coat enamels 
with high barium lead contents are 
suggested suitable absorbers for 
radiation. Enamels containing addition 
melted weight frit were not 
tory ground coats for sheet iron due 
lack adherence the metal. Lami- 
nated plates with metal sheets 
bonded together with enamel had fair 
resistance mechanical shock and could 
shapes whose physical properties were 
dependent the type enamel 
The enamels containing high 
lead barium were for 
making laminated plates owing the 
cient enamel and iron. Enamels contain- 
ing lithium oxide had variable properties 
and were inferior those which sodium 
oxide was used the alkali. Preliminary 
tests showed that iron could protected 
from oxidation high temperatures 
enamel coating and that the protec- 
tion was improved incorporating re- 
fractory materials such 
boron silicon into the 


5.4.5 

Epon Resins. Am. Int 
Maker, 29, (1951) Oct. 

Discusses group synthetic resins 
which are products reaction between 
epichlorohydrin and polyhydroxy 
pounds. Their use protective and 
decorative coatings described.—BLR 


5.4.5 
Rust-Protective Paints. 
Metalloberflache, 3B, (1951); 
stoffe Korrosion, No. 12, 476 (1951). 
The danger adding oil 
tective system emphasized.—RPI. 


5.4.5 

Selection Organic Coatings 
Finishing, 15, No. 12, 54-78 (1951) Sept. 

Glaser some important factors the 
formulation industrial finishes for 
products. The properties many 
ern paint ingredients are described, 
the ways which they are put 
are illustrated reference 
table shows which vehicles are best 
abrasion resistance, color retention, 
drying, etc, The article ends with 
discussion 


ZDA. 


5.4.5, 5.4.7 
Paint, Surface Finish and 
1951, 981-987, Nov. 17. 
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What’s happened the more than 1,800 
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Corrosion-Resistant Coatings introduced 


Many good coatings failed last because 
their makers ballyhooed them too highly 
practically forced corrosion engineers use 
them under conditions where coating 
could possibly work. 


Many other so-called protective coatings just 
didn’t have begin with. 


The fact that Tygon Paint first marketed 
has grown increasingly popular 
over the years, stems from two things: 


First: good protective coating 


Second: not afraid admit its 
limitations 


PLASTICS 
AND 


SYNTHETICS 
DIVISION 


AKRON OHIO 


Hard believe, isn’t it, that less than 
years more than 1800 brand names pro- 
tective coatings have made their market 


REQUEST 


Tells you just what you can 
expect from Tygon Paint and 
Tygorust under the corrosive 
conditions that exist your 
plant. Address Plastics 
Synthetics Division, The 
Stoneware Co., Akron 


STONEWARE 


_ 


ay” 


and disappearance. 
Only relatively few remain. 


WHAT HAPPENED? 


Used should used and under condi- 
tions for which suitable, Tygon Paint 
will outperform and outlast practically any 
coating the market. Fifteen years have 
proved it. 

have one suggestion make the use 
protective coatings. Write for copy 
Tygon Paint Bulletin 750. Check the per- 
formance data against the corrosives listed. 
Tygon Paint appears offer answer 
your corrosive problems buy trial 
quantity and test it. 


: 


failure paint films applied spray Some specimens were also treated 
are discussed well other factors 10% chromate constant 
exposed sea-water spray for period 
5.9 Surface Treatment not confirm what might inferred from 
the fact that the film produced the 
10% chromate bath thicker than 


Corrosion Tests Duralumin 56), namely that stich 


cally Treated Chromic Acid have better protective value. 
Protection and Electro- the film produced the 
deposition Metals. Selected Govern- less protective than 


wate 


Obtainable from His Majesty’s Station- advantage over 


These molded Haveg parts are used in pumps for hot 5-17 5 
(104° F.) 30% acid. Typical service record: ery Office. 165-170 (1951). gough treatment obtained 


months without replacing single pump part. Specimens Duralumin ing 10% chromate solution cither ata 
Specification were anodically treated voltage 30V. with the 

WHERE electrolytes containing 3,5, and Bengough voltage cycle. Films 
PUM MEET chromate various stages exhaus- produced chromate solution 

tion, using the normal Bengough voltage protective against 


tor § 


| 


highly corrosive liquids, Haveg engineers 


have successfully recommended the use 
Haveg for many parts contact with light 
the liquid. Such parts include the casing, 
suction impeller, mechanical seal, 
seal ring, bushing clamp, shaft sleeve, 
back-up ring, drip pan and any CORROGLA thin, flexible, inorganic glass wrap 
other part that must 100% corrosion- reinforced for maximum wrapping 


resistant. Corrosion protection rolls from 400 feet. 


ial OUTER WRAP all-glass outer wrap with less than water 
tos and special resins. Haveg effectively Perfect for use double-coat-double-wrap 
resists most acids, salts, chlorine, many operations. 


solvents—even when used continuously 
high 265° with KAPCO ROCK SHIELD mastic composition board for protecting pipe 
good margin safety. Haveg physi- padding. Offered various thicknesses. 
cally strong and extremely resistant rosio 
thermal shock. Haveg smooth-molded POLYKEN TAPE For quick, easy corrosion control. Plastic tape can 
and easily machined with standard used yard and field wrapping for 
tools. joints and elbows. equipment needed 


for hand work. 
you manufacture pumps, valves, and 


looking for the most effective corrosion- F Compatible with both hot and cold bitumens. sy BSS 
resistant tanks, towers, heat exchangers, Excellent for repair work pipe and for coating 


and other process equipment, call 


Haveg sales engineer for technical as- 
For positive corrosion protection against soil acids, 
sistance. Send for 64-page Bulletin F-6; MAGNESIUM ANODES stray underground currents. Anodes neutralize 


contains complete engineering data corrosion. 
Haveg. 


PUMPS TANKS PROTECTO WRA plasticized coal-tar enamel impregnated into and 


fast and easy merely “flashing” with torch. 
HAVEG CORPORATION* 
DEL. 
FACTORY: Marshallton, Del. Concrete River Weights Tipton Line 
Telephone: Wilmington 3-8884 AND Clamps Pipe Hooks Pipe H&M 
ATLANTA CHICAGO CINCINNATI MANY Pipe Beveling Machines Pipe Slings Steel 
Exchange 3821 Delaware 7-6088 1610 OTHERS Binder Tools Pipe Caps 
Washington 1-8700 Broadway 3-0880 FOR tation 
Hartford 6-4250 Mutual 1105 DETAILED 


Hemlock 1351 Hiland 1223 INFO TION 
WRITE Script 


the Haveg Bulletin F-6 your files? Write TODAY Road Tulsa, Oklahoma Phone 
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than standard Bengough films. 
chromate solution can used satis- 
Duralumin until the 0.5 
mal sodium carbonate titration value 
alls 1.70 c.c. though such baths may 
practice scrapped before this value 
with foreign matter.— 


Corrosion 

8.1.2 
Aluminum Structural Engineering. 
Engineer (England), 
192, No. 150-151 (1951) Aug. 

The most difference between 
design que for light alloy and that 
steel effect the lower mod- 
members. the past these standards 
were based steel struc- 
tural practi The new standards allow 
much more reasonable 
aluminum 

Apart the material cost, the most 
part structural engineering 
joining various members together. 
“Pop” fairly successful for 
ires, but has serious limita- 
tions for heavier work. Lack flexibil- 
ity has the use steel bolts for 
most the site joints large struc- 
tures, This unsatisfactory they have 
made close tolerances and spe- 
cially protected against 
welding large structures, the mass 
member being welded has im- 
portant bearing the behavior and 
properties the weld. The atmospheric 
corrosion resistance aluminum su- 

perior that most other structural 
The corrosion rate alumi- 
decreases with time and 
the thickness the specimen. 

can accelerated wet moist cor- 
the surface. This would indicate 
taken ensure that static 
should not allowed remain 
contact with aluminum 
its alloys. Construction 
limited the use one major alloy— 
magnesium silicide type, which 
sections. has yield strength 


nor 


MATERIALS 
CONSTRUCTION 


General 

1951. McGraw-Hill Book Co., 
42nd New York 18, New York. 

resents information, With the 

commonly used comparative fig- 
materials their group classifi- 
trade-named materials are 
give more specific under- 
commercial applications. The 
position and the length de- 
proprietary materials are 
the relative merits the 
any one producer.—BLR. 
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HAS STOOD THE TEST TIME 
SOLVE CORROSION PROBLEMS 


was 


ints aft 


have been 


Actual experiences like these 
show what TAPECOAT coal tar 
protection can for you. 


Use TAPECOAT combat cor- 
rosion above below ground 
gathering lines, transmission 
lines, meter stations, compressor 
stations, distribution lines, pipe joints, bolt-type couplings, 
fittings, large bends, large diameter pipe, insulated lines, 
tanks, and other surfaces subject corrosion. 


Write for descriptive brochure and prices 


The TAPECOAT Company 


1521 Lyons Street, Evanston, Illinois 


HERE’S HOW 


small batch kettles— 
another important 


FIRST 


standard pipeprotection inc. designed and built plant that 
was the first one equipped with small batch kettles prevent alteration 
the physical characteristics softening point, penetration, and filler 
content the enamels, assure performance the enamels for- 
mulated the enamel manufacturers. 


FIRST and only plant melt 4-drum batches enamels, one 
batch time, prevent altering the physical characteristics. 
secure constant supply, battery kettles fired rotation, short 
intervals, with reloading and refiring emptied. cycle from small cold 
lumps enamel complete consumption less than three hours. 


FIRST plant employ thermostatic temperature controls, with 

electric-eye flame controls and recording thermometers, control 
the time and record the temperatures while melting the enamels cor- 
rect application temperature. These controls were the first used prevent 
changes physical characteristics the enamels. 


FIRST plant provide mechanical cradle agitators for each kettle, 
prevent sedimentation enamel fillers added the enamel 

reinforcement for the bitumen. 

The rotation firing 4-drum batch kettles Standard Pipeprotection Inc. 

prevents mixing different grades enamels, and products different 

manufacturers. 


COATING AND 
WRAPPING-IN-TRANSIT 


permits stop-off for process- 
ing storage St. Louis 


gateway, you enjoy 
“through freight rates” in- 
stead the higher combi- 
nation rates generally used. 


6.1, 1.6, 2.5, 5.11 


Engineering Materials Edited 
(iii) 386, with many illustrations 
1951. New York. Reinhold 
lishing Corp. ($4.00); London: Chapman 
and Hall, Ltd. (36s.) 


This volume describes the minimum 
words, with the aid many diagrams 
tables, and illustrations, most the ma. 
terials now being used engineering 
works. The sections into which 
divided each present overall picture 
als. They are essays 
terials which have been written, 
separately named authors, for the series 
“Materials and Methods 
which have been published 
and Methods during recent They 
were produced primarily for prac. 
tical engineers who may 
users the materials, and the limitation 
space, view the width field 
covered has been met 
economy words. 

There are, begin with, 
the standard engineering steels, stainless 
steels, high-strength low-alloy steels, tool 
steels and free-cutting steels, and grey- 
iron castings. Wrought and cast 
num and magnesium alloys, nickel alloys, 
engineering bronzes, 


and bearing metals are then 
sections which constitute the 
ferrous metals group subjects. 
latter half the book deals with 


mented carbides, ceramics, rubber, plas- 
tics, hard-facing materials, finishes for 
metals, and adhesives. The sections deal- 
ing with subjects which the reviewer 
has more intimate knowledge proved 
tations from the American point view. 
They not cover European-made 
terial specifications, but there are few 
brief references European develop- 
ments. 

Although not intended primarily for 
metallurgists, there are few members 
the Institute who would not find this 
volume useful addition their library, 
and will especially valuable those 
connected with production engineering 
Its value reference book will 
greater the United States than 
other countries, but provides mass 
authoritative information which 
difficult find had the authors not 
gathered conveniently this manner. 
The book will timely aid the 
many designers and technical assistants 
who must day day consider the choice 
materials for essential components, 


when the use any scarce 
must and almost all tubing 
scarce.—MA. 
6.2 Ferrous Metals and Alloys 
432-43 
Various Methods for Perfection 
Alloys Having Good Mechanical Prop 
Industries, 26, 310-317 (1951) 
Describes procedures and 
used for stainless steels, 
classical methods, which make possible 
penditure time and effort. 
these auxiliary methods are 
data are tabulated and charted. 


erences.—BLR. 
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4.3.2 


Welded Samples Type 347 Stainless 


Experiment Station, Annapolis, 

Results chemical corrosion tests 
presented for specimens Type 347 
steel containing weld depos- 


with 19-9 niobium electrodes. Speci- 
were exposed boiling acidulated 


nitric acid after sensitizing 800°, 
and 1300°F temperatures for peri- 


Exposure for hours boiling 


bend Microscopic examination 
signs intergranular at- 


Following the second hour 


nitric acid some sam- 


severe knife-line attack 
nediately adjacent the weld. The 


was severe for samples that 


had been for six and twenty- 
four hours 1100°F, and for two and 


hours Results are reported 


for the tests nitric acid consisting 


periods hours each. Control 


tests were made Type 347 base metal. 


4.3.2 


Chemical Corrosion Tests Welded 


Type 347 Stainless Steel 
Naval Engineering Experiment 
Md. May 15, 1951. pp. 


Welded samples Type 347 stainless 
sensitized 1100°F for two, six, 
twenty-four hours sustained knife- 


attack when they were exposed 


65% nitric acid (Huey Test). 


time from 192 240 hours. 
samples sensitized 1300°F for 


and six hours also suffered knife- 
However, the degree 


decreased with increase time. 
samples sensitized 800°F for two, 
and hours showed evidence 
knife-line attack. None the base- 
control samples were susceptible 
localized 


NOTE: For original report see card 


4545, 


Notebook Corrosion Resistance. 


Steel Co., Alloy Tube Div., 


presented the types, speci- 
corrosion resistance, and rec- 


uses Carpenter stainless 


table corrosion resistance 


showing the resistance number 
steels common and trouble- 
some chemicals included. 

62.5, 2.3.4, 3.7.4 

Investigations Stainless Steel. 


Metallurgia Italiana, 43, No. 10, 
(1951) Oct. 


have been carried out the 


three types suitably sensi- 
18-8 austenitic steels order 
the sensitivity characteristics 


tests and tests boiling 


basis obtained results, higher 
can attributed Strauss’ 
from the already known in- 


iting action titanium and molyb- 
The spreading shown the 
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LARGE DIAMETER PIPING 
HANDLES DE-IONIZED WATER 


Installation large diameter SARAN RUBBER 
lined pipe, fittings and valves safely transports 


de-ionized water without contamination 


Saran rubber has served over three 
years this water-conditioning plant 
without shutdown. De-ionized water 
for chemical processing transported 
and stored with complete safety 
pipes and tanks lined with saran 
rubber. 


part this important 
installation showing 8”, 10” and 12” 
diameter saran rubber lined pipe, 


Saran Lined Pipe Company 
2415 Burdette Ave., Ferndale, Mich. 


Please send copy your catalog 
Saran Lined Pipe, Valves and Fittings. 


Name 


Title 


Address 


1504-B 


fittings and valves used for the trans- 
portation large volumes de- 
ionized water. This installation has 
proved successful that du- 
plicate water-conditioning plant, 
doubling the output de-ionized 
water currently under construction 
with saran rubber again specified 
lining for pipe and tanks. 


This same chemical water-condition- 
ing plant employs saran rubber lined 
tanks for the acid regeneration ion 
exchange resins. Consult your nearest 
authorized saran rubber applicator 
for your process lining problems 
contact your local SARAN LINED PIPE 
COMPANY office for list appli- 
cators who service your plant. Offices 
New York Boston Pittsburgh 
Tulsa Philadelphia Chicago 
Portland Indianapolis San 
Francisco Houston Denver Los 
Angeles Seattle Cleveland 
Charleston, Toronto Montreal. 
SARAN LINED PIPE 2415 
Burdette Avenue, Ferndale, Mich. 


SARAN LINED PIPE COMPANY 


2415 BURDETTE AVENUE, FERNDALE, MICHIGAN 


q 
| 


corrosion values (as obtained meas- 
urement electrical resistivity) are re- 
lated, preliminary way number 
factors that are involved the reac- 
tions leading intercrystalline corro- 
sion, as, the grain size, the amount 
carbide precipitations and the surface 
conditions test 


6.2.5, 4.7, 6.5 

High Chromium Steels Resist Attack 
Liquid Bismuth Alloys. 
EVERHART AND Epcar Nuts. Ma- 
terials Methods, 34, 112-114 (1951) 
Oct. 

Discusses the properties some 
the bismuth alloys. Their use 
transfer applications depends suitable 
material contain them, Corrosion tests 
number constructional materials 
are presented. High chromium alloys 
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are more resistant than nickel-chromium 
materials. Data are tabulated. 
tions.—BLR. 


625; 

Stainless Steels Industry. Vol. 
Stainless Iron and Steel. Ed. 
Book, 523 Chapman and 
45s. (1951). 

Varieties stainless steels com- 
mercial use, with compositions, charac- 
teristic features, and properties par- 
ticular importance the engineer and 
metalworker. Methods recommended for 
fabrication the steels into useful equip- 
ment, and their response under varying 
conditions corrosive attack and tem- 
Factors affecting selection 
suitable forms stainless steel for spe- 
cific 


for 
PIPELINE 


WRITE FOR VALUABLE, NEW BULLETIN 


For period years the Nelson Electric Manufacturing 
Company has been furnishing Phenolic Insulating Materials 


for pipe nipples and the insulation pipeline flanges. 


introduced the use thin-wall tubing sleeves for insulating 


the studs standard flanges, without requiring re-drilling 
the flange and providing smaller studs. now offer 


flange insulation, packaged for immediate shipment the 


more common sizes. 


Write for new, 10-page bulletin which describes our 


Insulating Materials. 


217 Detroit St. 


204a 


TULSA, OKLAHOMA 


Telephone 2-5131 
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HOT CAUSTIC DIP removes all cutting oil and grease. 
Pipe then rinsed clear, hot water and dried warm- 


Throughout Hill, Hubbell process, pipe kept 
80-90° prevent moisture condensation. 


ROTO GRIT BLAST removes all mill scale and rust, 
cleans pipe bare, bright metal, provides 
coatings positive bond. Priming coat applied 
immediately after Roto Grit Blast. 


Cover 


Cover 


SECRET Hill, Hubbell superiority applying enamel ELECTRONIC holiday detectors inspect every length 
multiple coats instead one thick coat—pipe pro- pipe before leaves Hill, Hubbell plant—further insur- 
tection insurance that pays off the field. Then pipe ance that coatings have dielectric strength resist elec- 
tightly wrapped under even tension special machines. trochemical corrosion underground. 


THREE HILL, HUBBELL PLANTS SERVE YOU: 
GIRARD, OHIO LORAIN, OHIO HAMMOND, IND. 


the Youngstown 
Switching Zone 


Chicago Switching Zone 
(in transit privileges) 


539. 
15, 1931 


ys, 
effect 
Ss of the 
invest! 


rters: 3091 Mayfi 
ayfield Road, Cleveland 18, Ohio 
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When you have trouble handling 


Bromine 
Fluorine 


their compounds 


When you have corrosion purity problem connected with the han- 
dling halogens halides, consider the use the Inco Nickel Alloys. 
They are among the few metallic materials which are successfully used 
resist corrosion chlorine, bromine, fluorine and their halides. 


Chlorine —Tests well practical experience have shown nickel 
and the high-nickel alloys among the most useful the common 
engineering materials for handling dry chlorine temperatures 


1000°F. 


Bromine—The high resistance Monel shipping drums dry 
bromine has enabled bromine manufacturers ship this dangerous 
corrosive original purity, without fear contamination breakage, 
while cutting shipping costs some cases much 50%.* 


Fluorine Because nickel and Monel are highly resistant ignition 
fluorine, they are preferred materials for storage cylinders, piping 
and valves when handling fluorine under pressure. 


Sodium Chloride—Potassium Chloride Manufacturers rely 
Inco Nickel Alloys help preserve product purity during the entire 
refining operation. High-nickel alloys are counted assure long 
service life for such equipment brine storage tanks, pumps, valves, 
filters, evaporators and driers. 


Hydrogen Fluoride and Hydrofluoric Acid Monel more 
widely applicable the handling anhydrous and hydrofluoric 
acid solutions over wide range temperatures and concentrations 
than any other alloy. 


Magnesium Chloride Because Inconel free from stress cor- 
rosion cracking boiling magnesium chloride solutions, has been 
accepted standard material for evaporating magnesium chloride. 


Calcium Chloride For long service life, nickel and Monel linings 
and flights are used the large gas-fired rotary driers where wet 
calcium chloride contacts furnace gases. 


Aluminum Chloride Where aluminum chloride employed 
catalyst, Monel reaction vessels and piping are often used resist 
corrosion from dilute hydrochloric acid formed result hydrolysis. 


your operations with halogens their compounds seem indi- 
cate the desirability employing one the Inco Nickel Alloys, 
will advisable place equipment orders with your supplier 
advance scheduled use. Distributors Inco Nickel Alloys can 
supply the latest information availability from warehouse and mill. 


*Other materials which are shipped nickel drums include: acetyl Acid Which 
chloride, benzyl chloride, benzoyl chloride, chloride, Uses Monel and Nickel Have Been Recorde 


chloride, phosphorus trichloride, phosphorus oxychloride, and Monel Nickel 
chloride. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


Wall Street, New York New York 
Arsenic Trichloride 


Magnesium 
Manganous 
Chloride 
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} Phosphorus Oxychloride 
Hi C 0 i C K@ y Phosphorus Trichloride 
Silicon Tetrachloride .. 
Sulfur Monochloride . 
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You can measure the 


PITT CHEM Modified Enamel 


— 
— 


the specification sheets Pitt Chem Modified Enamel and see 
why this tough, durable pipeline coating performs better application and lasts 
longer service. For set rigid written standards softening point, 
ash, penetration, etc., and every drum Pitt Chem Modified Enamel must measure 
before shipment. 

This quality-controlled enamel will heat faster, flow better from kettle 
pipe and coat more pipe per ton over wide temperature range. And remember 
this: Pitt Chem’s uniform top quality means better, longer-lasting protection under- 
ground, today for more product data, technical information on-the-spot 
application assistance. 


wad 4536 


Standard Grade Tar Base Enamel 
Modified.Grade Tar Base Enamel DIT SBU 


Plasticized Grade Tar Base COKE CHEMICAL co. 


Cold Applied Tar Base Coatings 
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